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SIR DAVID GILL 
By J. C. KAPTEYN 


Such are the salt of the earth." 

On January 24 died in London, at the age of seventy years, 
Sir David Gill, formerly Her Majesty’s astronomer at the Observa- 
tory at the Cape. In him science loses the foremost practical 
astronomer of the age. Only a few months before his death he 
crowned his life’s work by the completion of his History and Descrip- 
tion of the Royal Observatory, Cape of Good Hope. This publication 
gives the fullest existing description of his life and his work. About 
his youth we read: 

The eldest surviving son of David Gill of Blairythan, Aberdeenshire, 
I was born at Aberdeen on the 12th of June, 1843, and attended the Bellevue 
Academy at that city till about the age of fourteen, when I went to Dollar 
Academy and came under the inspiring influence of Dr. Lindsay, at whose 
house I boarded. His teaching filled me with the love of mathematics, physics, 
and chemistry. 

From Dollar I proceeded to Marischal College and University, Aberdeen, 
where I was a student under the celebrated Clerk Maxwell, and his teaching 
influenced the whole of my future life. My father had married late in life, for 
at the time I was twenty years of age, he was seventy-four years old. He was 
a successful merchant in Aberdeen, as had been his father before him, and he 
not unnaturally wished me to succeed him in business. I very unwillingly 
yielded, and, after some years, my father retired, leaving his business in my 


' These words were applied to Gill by the famous General Gordon. 
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hands. My heart and my thoughts, however, had always been set upon 
things scientific. From the time that I entered college, I had a little labora- 
tory in my father’s house where I made chemical experiments, and, later, 
under Clerk Maxwell’s influence, carried out preliminary essays on the deter- 
mination of physical constants. 


Gill then goes on to tell how in 1863 it occurred to him that 
Aberdeen was very much in need of a standard of accurate time 
and how the desire of satisfying this need brought him to Edin- 
burgh, where he was for the first time introduced to an astronomer 
and to an observatory, and how on his return he, together with 
Professor Thomson, unearthed, mounted, and adjusted a portable 
transit instrument at what had been called ‘‘an observatory” at 
King’s College. 

Already, at this early date, the qualities which stand out so 
prominently in his future career become apparent. He cannot 
rest before at least a couple of clocks at Aberdeen are electri- 
cally controlled to show accurate Greenwich Mean Time; and 
no sooner has this end been attained than he is looking out for 
a wider field of action. A twelve-inch silver-on-glass speculum 
is purchased, for which he designs an equatorial mounting. The 
driving clock, too, was made by his own hands and turned out to 
be ‘“‘as satisfactory a driving clock as I have ever known.” The 
instrument was employed 


in measuring double stars, examining nebulae, making photographs of the 
moon, and generally in satisfying my curiosity as to the wonders of the heavens, 
and I had just begun to plan attempts to determine the parallaxes of some 
stars with a micrometer by Steinheil of Munich, when I received a visit from 
Lord Lindsay (now the Earl of Crawford). He was then considering the 
question of creating an observatory at his father’s seat, Dun-Echt, about thirty 
miles from Aberdeen. He had seen some of my photographs of the moon, and 
desired to examine the means I employed for the purpose. Our acquaintance 
rapidly ripened, and he became aware of my desire to devote my time exclu- 
sively to science. One fine day in 1872 I received a letter from his father, the 
Earl of Crawford and Balcarres, offering me charge of the observatory which 
his son was about to erect at Dun-Echt. 


It seems almost a pity that the visit from Lord Lindsay did not 
come a couple of years later. It might have given us the spectacle— 
unique in the annals of science—of a business man measuring star- 
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parallaxes in his leisure hours. Meanwhile, even so, he had before 
him a task which might have deterred almost any experienced 
astronomer—the task of planning and discussing the details for the 
several instruments and their respective observatories, for their 
testing, mounting, and adjusting, besides making preparations for 
Lord Lindsay’s expedition for the observation of the transit of 
Venus at Mauritius in 1874. When the time for the expedition 
had come, we find him traveling all alone with fifty chronometers. 

Before my visit to Greenwich I had no misgiving as to the success of the 
arrangements. But when Sir George Airy and his assistants came to wish me 
goodbye and when they saw me go off with all the chronometers on the top of 
two cabs, and no one but myself to look after them, it was evident that they 
regarded the whole matter as an experiment of very doubtful success and did 
not envy the task before me. A first suspicion of these difficulties dawned upon 
me at the time, and they were fully realized before the expedition was over. 
Incessant watchfulness was necessary, and the anxiety connected with every 
move on shore and every embarkation or landing of the instruments was 
excessive, especially at places like Suez, Alexandria, Aden, and Mauritius, 
where only colored labor was available. But all ended well. 


We may pass over the results obtained for longitude, which 
were fully successful. The main interest attaching to the expe- 
dition is the heliometric determination of the solar parallax by 
means of observations of Juno. Unfortunately the late arrival 
of the heliometer, and cloudy weather, permitted observations 
only on 12 evenings and 11 mornings, all of them some time 
after the opposition. The value of the determination, therefore, 
lies not so much in the result obtained for the solar parallax as in 
the fact that it furnishes ‘‘ sound data on which to found calculations 
as to the value of the opposition of any minor planet for the future 
determination of the solar parallax.” 

On the way back from Mauritius we find Gill, at the request of 
the chief of the military staff of the Khedive, measuring a base line 
for the projected survey of Egypt. Concerning the particular 
difficulties of this measurement, owing to the unfitness of the 
assistants, we must refer to the History of the Cape Observatory. 
Still time was found to make some observations, together with Dr. 
Déllen, in order to determine the deflection of the plumbline pro- 
duced by the attraction of one of the pyramids. 
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In 1876 Gill left Dun-Echt. In 1877 he made his celebrated 
expedition to Ascension for the heliometric observation of the 
opposition of Mars. On this expedition he was accompanied by 
his wife, to whom he had been married in 1870. ‘The costs of the 
expedition were borne by the Royal Astronomical Society and the 
Government Grant Fund of the Royal Society. There is a delight- 
ful description of the expedition by Mrs. (now Lady) Gill in Six 
Months in Ascension, from which a few sentences may be here 
quoted. 


On July 17 the observatory had been ready for duty; but no sooner were 
the instruments adjusted and some preliminary observations made, than the 


face of the heavens darkened and we began to fear... . . Many hours, indeed 
whole nights, this went on, and sometimes the clouds followed each other so 
rapidly that no measures could be secured at all. . . . . Fearful of losing one 


hour of starlight during the night, we watched alternately for moments of 
break in the cloud, sometimes with partial success, but more frequently with 
no result but utter disappointment, and the mental and physical strain, increas- 
ing every night, grew almost beyond our strength . . . . when one day 
David spoke and took away my breath. He said, ‘“‘Let us prove how far this 
cloud extends and find out whether there is any accessible part of the island 
not covered by it.” 


As the clouds appeared only at night, the investigation had to 
be made in the darkness. Gill could not leave his post, and no 
choice was left him but reluctantly to accept the persistent offer of 
his wife to go on an exploration herself. Simultaneous observations 
of the clouds were arranged, and the result of the trying expedition 
was the conviction that the cloud was systematic and that the 
chances of clear weather would be much better on the southwest 
point of the island. But the point would be hard to reach either 
by sea or by land. 

Both routes seemed dangerous—the land route indeed impossible, while 
the surf and rollers which beset the Ascension coast gave little hope of the sea. 
No landing had ever been made at this bay. ... . Oh, the sickening respon- 
sibility of making up one’s mind and choosing between two evils. ... . 
Either way looked gloomy. On the one hand my husband felt, if 1 stay here 
and fail, I shall have failed also in my duty, not having done my utmost. 
On the other hand, every night is now of importance, and a week is lost cer- 
tainly if I pull down the observatory, while the slightest accident to an instru- 
ment here, with no one to repair it, will be fatal to the expedition. 
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Yes! both ‘ifs’? were unpleasant, but the first was intolerable, and after 
a day of anxious thought David made up his mind that an attempt to reach 
South Point must be made... . . 

It was on the 31st of July that the important decision was made, and, 
strange to say, that same night in Garrison, my husband was able to make his 
first complete determination of the parallax of Mars. 

The sky was cloudless from sunset to sunrise, and I wavered, wondering, 
as many others did, whether the new hope would shake the new decision; but 
when I questioned, the answer was: “The man that hesitates is lost.” 


The removal of the observatory was achieved, not without great 
difficulty, but without serious accident. On August 5, five days 
after the last successful observations at Garrison, good evening 
and morning observations were secured at Mars Bay. The expe- 
dition was saved from failure. 

The few lines quoted, besides throwing light on Gill’s character, 
give a glimpse of his married life. All who knew him know what 
marriage meant to him. In doing homage to the man, they see, 
by his side, his highly gifted wife—the wife who made his happiness; 
who by her infinite, unselfish devotion encouraged and sustained 
him in every difficulty, and who, though in later life failing in 
health, still knew how to cheer him in moments of discouragement. 
To her is due not a little of the homage paid to her great husband. 

In 1879 Gill became Her Majesty’s astronomer at the Cape, a 
post which he filled for twenty-eight years. It is there that his 
real life’s work was done. To give a satisfactory account of it, 
even as briefly as we did for his earlier work, is of course out of the 
question here. We dwelt somewhat longer on this early work only 
because it already shows clearly the mettle of the man apart from 
the co-operation of any assistants. The indomitable energy, love 
of work, and respect for duty which characterize the beginner 
leave little doubt as to what—-given the necessary health—may be 
expected from the man when a wider scope is given to his activity. 
How this expectation is fulfilled is seen at once, if we compare what 
the observatory and the range of its activity were at Gill’s appoint- 
ment in 1879 and at his resignation in 1907. 

In 1879 the only astronomical instruments available for 
observation were the non-reversible transit-circle, the 7-inch 
equatorial, and the photo-heliograph. Accordingly the work of 
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the observatory consisted in the observation of comets, a few 
double-stars, but in the main in meridian determinations. 

Under Gill were added: the 4-inch heliometer (obtained by 
private purchase), the 6-inch refractor, the 7-inch heliometer, the 
astrographic telescope, the 24-inch Victoria telescope (gift of Mr. 
Frank McClean), the reversible transit-circle, the 3-foot altazi- 
muth (loaned permanently to the Cape Observatory by the Trigo- 
nometrical Survey of India), and the zenith telescope. 

Together with this increase of the astronomical outfit, the staff 
was gradually extended. The observatory had become an astro- 
nomical] institution of the first rank. Hardly a problem of practical 
astronomy was left untouched, and no effort was spared to bring 
the knowledge of the southern sky more nearly on a par with that 
of the northern. Of course the meridian work was not neglected. 
On the contrary, not only were the observations made, the results 
of which are embodied in the Cape Catalogues for 1885, 1890, and 
1900, but there were, besides, the Cape Catalogue of Astrogra phic 
Standards, containing 8560, and the Cape General Catalogue for 
1900 with 4464 stars. Moreover, the arrears in the reduction of 
the older observations, already partly cleared off by his prede- 
cessor Stone, were finally brought to an end, furnishing the mate- 
rials for the Cape Catalogues of 1850 and 1865. And last, but not 
least, Gill worked out the plans for and erected the new reversible 
transit-circle with its observatory and accessories, which places 
the Cape Observatory in the front rank for refined meridian 
work. 

But along with the meridian work what a series of other labors! 
A few words may be devoted to two of them. 

Researches on stellar parallax.—Twenty-two stars have been 
measured for parallax, either at the 4-inch or at the 7-inch heli- 
ometer. They are the only reliable determinations of stellar 
parallax ever made in the Southern Hemisphere. It might almost 
be said that they are the first parallaxes, or at least the first exten- 
sive series of parallaxes, which command the entire confidence of 
the astronomers. ‘The gain in probable error may not be so con- 
siderable. The gain in real reliability is very great. In fact, in the 
domain of stellar parallax, as indeed also in that of the solar paral- 
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lax, Gill has given us back our belief in probable errors, a belief 
which, among astronomers, had given way to a pretty general 
skepticism. 

Why this is so is not a matter of doubt. No one can study 
Gill’s work without feeling that he has to do with the born observer, 
the man with the intuitive faculty of finding out every possible 
source of systematic error and with the unerring judgment in 
devising means for its removal; the man with the instinctive feeling 
for perfect symmetry by which all errors known or unknown must 
be eliminated. As a consequence we find Gill never satisfied with 
his work, as long as in any part of it the agreement of the several 
results is markedly inferior to what might be expected from the 
probable errors. It cannot be doubted that by the example thus 
given of a perfect arrangement of the observations and their exhaust- 
ive discussion, Gill has contributed to the advancement of science 
quite as much and more than by the results of his observations 
themselves. 

Researches on the solar parallax.—The problem of the sun’s 
distance has seen some curious vicissitudes during the nineteenth 
century. In the first half of that century the best values (except- 
ing perhaps that of Henderson) ranged between the narrow limits 
8.55 and 8.63, so that the value 8.571 found by Encke from the 
transits of Venus in 1761 and 1769 seemed to solve the problem of 
the sun’s distance in a satisfactory way. Then in 1854, Hansen, 
from the parallactic equation, found 8.87 and Leverrier shortly 
afterward, from the lunar equation of the earth, 8.95. After 
that, till the time of Gill’s first determination, one determination 
was published yielding the value 8.77, two giving 8.79, all the rest 
ranged from 8.83 to 8.97." Toward the end of the period under 
consideration a great effort was made by most of the civilized 
nations to put an end to this discouraging uncertainty in one of 
the most fundamental constants of astronomy, by numerous expe- 
ditions for the observation of the transits of Venus, in 1874 and 1882. 
As a matter of fact, however, the problem has been solved, not by 
these expeditions, but by Gill’s labors. 


* According to Newcomb, “‘Synopsis of Papers on the Solar Parallax, 1854-1877,” 
Popular Astronomy (1878), p. 538. 
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The determinations by means of his heliometer observations 
of Juno and Mars, already mentioned, are in a certain sense only 
preparatory. 

In an admirable paper written in 1877 (Observatory, Vol. 1), Gill 
reviews all the available methods. He comes to the conclusion 
“that only the observation of minor planets entirely fulfils the 
conditions . . . . as containing within itself the means of elimi- 
nating all possible sources of error.”” The experience gained by 
the heliometric observations of Juno enables him to conclude 
that ‘‘four reasonably favourable oppositions of favourable minor 
planets will give the solar parallax with all the accuracy required by 
the present state of science, provided they are observed with a first- 
rate heliometer, by an experienced observer, in a good station.” 

It was not in Gill’s nature to wait till others should work out 
the program thus laid down. ‘Whenever he set his hand to any 
bit of work,” says the president of the Royal Astronomical Society 
(H. F. Newall) in presenting to Gill the gold medal of the society 
in 1908 (the second gold medal of the society awarded to him), 
“it became the dream of his life to see that particular bit of work 
completed in the most comprehensive way that he could attain.”’ 

Besides if for any man, then for Gill, held the definition of 
Molenschott, ‘difficulties are things that are overcome.” So it 
was in the present case. No sooner had Gill been appointed Her 
Majesty’s astronomer than he set to work to plan for the acquisition 
of the necessary instrument. 

In March 1887 I had the pleasure of accompanying him to 
Hamburg. After a fatiguing journey, we arrived only a little 
before midnight. Repsold was there to meet us. He told us that 
early on the next morning everything would be in order, so that 
Gill might inspect the 7-inch heliometer which had just been com- 
pleted. Gill would not hear of such a thing. “I can but give you 
the time necessary for reading my letter. After that we must see 
the heliometer.’’ And we saw it, and when he had inspected every 
detail, turned every handle, read every microscope, he burst out: 
“Well, aren’t you jealous? Why, I wouldn't be half as happy 
as I am, if you weren’t.”” Not many weeks later the instrument 
was mounted at the Cape, the most efficient instrument of the sort 
in existence. Of course, regular experimental observations were 
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begun “without delay.” In February 1888 it was in regular use 
for stellar parallax. Before the end of the year it was employed 
in observations on the minor planet Iris; by the middle of the next 
year on Victoria and Sappho. ‘One very noteworthy and delight- 
ful feature connected with these researches was the enthusiasm and 
goodwill with which astronomers of all parts of Europe and 
America responded and took part in the program of the observa- 
tions.”’ 

The labor involved, both in the observations and in the reduc- 
tions, was enormous, the success complete. The results obtained 
by the three planets agree within their probable errors. They 
agree with the value derived by Auwers from the meridian obser- 
vations of the planet, and with the values yielded by the Juno and 
Mars expeditions in 1874 and 1877. They have been found later 
to agree perfectly with the results of the observations of Eros. 
Still Gill’s enthusiasm for the problem was in no way exhausted. 

Already in 1891 he was revolving in his mind a plan of deriving 
the solar parallax by the observations of the radial velocities of 
bright stars somewhat near the ecliptic. The method has been 
applied for the first time by Kiistner in Bonn in 1904-1905. At 
the Cape a series of determinations was begun during the time 
of Gill’s directorate. The investigation was carried to completion 
in an admirable way under his successor. The result is in complete 
agreement with that of the minor-planet campaign. In 1go9 the 
thing which, perhaps more than anything else, made him insist on 
having another meeting of the Comité Permanent of the astro- 
graphic chart, was the preparation for the opposition of Eros in 1931! 

It is with reluctance that we must confine ourselves to saying 
so much—rather so littlke—about only two of Gill’s great under- 
takings. An enumeration of some of the other works must suffice, 
several of them of no less importance and of far greater extent: 
The Cape Photographic Durchmusterung; the revision of the Cape 
Photographic Durchmusterung; Determination of the Mass of the 
Moon; Determination of the Mass of Jupiter and the Elements of 
the Orbits of the Older Satellites; The Parallax of the Moon; investi- 
gation of the positions of close circumpolar stars; Double Stars; 
astrophysical observations. The Heliometric Determination of the 
Positions of the Major Planets; the International Astrographic 
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Chart and Catalogue, and, last in order. what is probably first in 
importance, The Geodetic Survey of South Africa. Only a few words 
must be said about the Astrographic Chart and Catalogue. The 
initiative for this great undertaking is due to the joint action of 
Gill and Admiral Mouchez, the director of the Paris Observatory, 
aided by the brothers Henry. What the whole undertaking, not 
only at starting, but during the whole of its progress, owes to Gill’s 
untiring energy, all will know who attended the meetings of the 
Comité Permanent. Up to the last, his was the great driving 
force. 

In the very last meeting of the committee, the most important 
resolutions taken are undoubtedly those relative to the funda- 
mental, intermediate, and standard stars. It is well known that 
Gill is really father to these resolutions, though his name does not 
appear. How different everything will be at the future meetings, 
when Gill will not be there! How different would be the outlook 
now, if he could have carried through his plan for a central bureau, 
perhaps the only important measure which he failed to see brought 
about! 

Outsiders who have seen him at work at these congresses may 
have been under the impression that it was the geniality of his 
person, his infectious enthusiasm, and strong self-reliance which 
carried the day. But those who had foilowed matters closely 
would know how carefully he had studied every detail of the matter 
to be discussed, how long beforehand he had extensively corre- 
sponded with the most capable and most interested persons, and 
how he brought many of them together a few days before the 
date of the congress, not only to arrange the program for the pro- 
ceedings, but also to discuss informally all the main points. All 
during the congress, too, he would bring the ablest men together 
for these informal discussions. In these Gill would always play a 
prominent part; sometimes his impetuosity would make it far from 
easy for those opposed to his views to explain their standpoint. 
It might be some time before Gill would really give attention to 
what they had to say, but that moment having come, they could 
wish for no better listener, and if they succeeded in showing that 
their point of view was more nearly correct, no man would be 
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quicker to recognize his error than Gill. No man could be long 
with him without feeling that here was a man to whom the real 
interest of science was paramount, a man who was always ready to 
sacrifice any pet plan of his own to the real interest of astronomy. 
A favorite expression of his, in giving up his opinion, would be: 
“The man who never makes a mistake is he who does nothing.” 
I cannot help thinking that such personal qualities—his indomitable 
energy, his broad-mindedness, love of his work, kindness—his man- 
liness in the best sense of the word, in short the charm of his strong 
personality, had almost as much to do with his achievements as 
his qualities as a scientist. 

The ready response to any appeal of his for international 
co-operation must, of course, in great part be ascribed to the sound- 
ness of the plan, and the confidence inspired by the qualities of the 
observer, but the personality of the man must have contributed 
not a little. It is hardly too much to say that in the minor-planet 
campaign all the active heliometers and meridian circles of the 
world took part. 

More clearly, probably, we see this influence in the voluntary 
aid given by so many individuals. Well known is the part that 
Elkin took in the stellar parallax work. So is Innes’ work on 
the double stars and on the revision of the Cape Photographic 
Durchmusterung; Auwers’ timely and invaluable aid in the taking 
of the heliometer observations for Victoria and his reduction of 
the Meridian observations; Jacoby’s part in the triangulation of 
the Victoria stars; De Sitter’s and Cookson’s highly important 
contributions to the observation and discussion of the Jupiter 
satellites, as also the work of the Groningen Laboratory on the 
Photographic Durchmusterung. ‘The list must be incomplete. Still 
we ought perhaps to add the work done under the hospitable roof 
of the Cape Observatory by McClean and Franklin-Adams—work, 
indeed, which formed no part of the labors undertaken by the 
observatory, but which still greatly benefited our knowledge of the 
southern sky, and might not have come about without Gill’s help 
and encouragement. 

As a scientist Gill is best comparable in my opinion to 
F. G. W. Struve. The terms in which Argelander sums up his 
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character-sketch of Struve in the Vierteljahrsschrift der astrono- 
mischen Gesellschaft (1, 52) are applicable almost word for word tu 
Gill. And might not the following words be applied to Gill's 
History of the Cape Observatory: ‘There is inspiration to be found 
in nearly every page of it, for its author had the true genius and 
spirit of the practical astronomer—the love of refined and precise 
methods of observation and the inventive and engineering capa- 
city”: As a matter of fact they were written by Gill about Struve. 
Even in the particulars of their careers there is the greatest 
parallelism. 

In the annals of astronomy, Gill’s name will take place with 
those of Bradley, Bessel, and Struve. In many a human heart 
his image will last as long as life itself. 

GRONINGEN 

May 1914 
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PHOTOGRAPHIC DETERMINATION OF THE COLORS OF 
SOME OF THE STARS IN THE CLUSTER M 13 
(HERCULES) 

By E. E. BARNARD 


The great globular star clusters are among the mast impressive 
objects in the sky when seen with a powerful telescope. Photog- 
raphy, especially with the present great reflectors, has added 
immensely to this impressiveness by increasing vastly our knowl- 
edge of the number of stars that compose them. The most accu- 
rate measures seem to show little or no relative motion in the 
individual stars forming these clusters, which would lead us to 
believe that they are very distant from us. This would place them 
on a greater scale of magnificence than the casual telescopic view 
would imply. The individual stars of these clusters are too faint 
for the spectroscope to give us any information as to their physical 
condition. Even when observed visually with a powerful telescope 
they are far too faint to show any difference of color which would 
be an indication of differences in spectral types. This difficulty 
does not hold, however, with the sensitive photographic plate, to 
which the effect of color is a most striking attribute. This fact 
became evident to me many years ago when comparing a photo- 
graph of the cluster M 13, taken with the Potsdam astrographic 
telescope, with the object itself observed with the 40-inch telescope. 
It was soon seen that some of the stars of the cluster were very 
much bluer than the rest because of their relatively greater bright- 
ness on the photograph (Astrophysical Journal, 12, 176-181, 1900). 
A few of the abnormally blue stars were picked out visually. Later 
the work was greatly facilitated by comparing the Potsdam picture 
with a photograph taken with the 4o-inch refractor and yellow 
color-filter, which gave results essentially identical with those 
obtained visually with the same instrument. It was then noticed 
that there were also stars in the cluster that were relatively very 
much brighter on the 40-inch plate and whose light must therefore 
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be strongly yellow (Astrophysical Journal, 29, 72-75, 1909). The 
fact, apparent from these results, is that there exist in this cluster 
stars of extremely different types and hence, by inference, that 
there are probably stars of all the different spectral types in M 13. 
I have found indications of this diversity of color in some of the 
other globular clusters. This fact once more enlarges our ideas of 
the magnificence of these great star clusters. 

It has been my intention to follow out the investigation of color 
in the clusters, and I had hopes of using a blue filter for photo- 
graphing with the 4o-inch refractor in this work, but so far I have 
not secured a suitable one, though I expect to do so before long. In 
the meantime, it has seemed that the subject might be of sufficient 
interest to print what I have already done in the matter. 

As a direct comparison of the two photographs used by me may 
be readily made without any instrument, I have prepared the two 
pictures to illustrate this paper. To facilitate their use, the accom- 
panying chart has also been prepared, on which the various stars 
showing the strongest peculiarities are numbered. More readily 
to identify these objects on the two photographs, circles were drawn 
which include some of the more interesting regions. These circles, 
which are given Roman numerals, are the same on the map and on 
the two photographs. A glance will therefore quickly identify any 
star by its map number on either photograph. The stars have been 
numbered successively from left to right, in the order of right 
ascension. The map was found necessary to avoid the confusion 
that would arise from placing the numbers on the photographs. 

To accompany these plates, I have prepared a catalogue of 146 
stars in the cluster which show difference of color from the general 
average. [Three of these were later dropped from the list as they 
were not of special interest.] These stars are separated into two 
lists under the headings ‘“‘blue stars” and “yellow stars.” What 
these lists really mean, however, is that when the two photographs 
are compared the ‘‘blue stars” are those relatively bright on the 


Potsdam plate, while the “ yellow stars” are those relatively bright 
on the plate with the 4o-inch telescope. Or, in other words, the 
star is bluer or more yellow in one case than in the other, so that the 
words “blue” and “ yellow’ 


’ are relative terms. 
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TABLE I 

YELLOW STARS 

’ 

No. | Scheiner | No. | Scheiner | cosé 

NO. 

16 —4'35" | —1’36” || 72...|........- —o' 27" | —2'20” 

—427 | —1 8 —o19 | +2 45 

24 —4 15 —O 34 74 =O 97 I 

4 —4 10 +2 39 t7 —3 50 
6 38 —3 406 +o 7 76 327 —O 13 +T2 3 
7 41 +o 17 79.--| +o 18 +2 54 
9 43 —3 20 +o 16 80... 484 +o 28 +2 5 

4 10 44 —3 26 +o 20 81 .. 487 +o 28 —2 8 

II 45 —3 25 83 490 +0 31 +3 4 

é 12 —3 12 —3 16 +0 35 +1 45 
13 —3 10 +3 0 8 . 568 +0 52 —2 21 
14 54 —3 6 +2 25 go. 582 +o 58 —2 15 

57° —2 +0 49 2...| +1 1 —5 3 
26 96...| 607 +I 5 2 40 
19 58 —2 49 —I 34 97 611? +1 6 +3 54 
20 57? —2 46 +o 48 98 612 +1 6 —5§ 11 
21 Or —2 45 —2 21 IOI 635? +1 15 +1 30 
2 824 +1 16 —2 55 
2 64 —2 390 +0 55 103 637 +1 16 +2 12 
25 66 —2 36 +r 2 104 Ske +1 19 —2 ss 
28 paeies —2 20 —3 56 105 ; +1 19 +1 40 
30 81 —2 9 —O 14 106 655 +1 26 —2 11 
31 82 —2 17 —I 22 107 661 +1 30 —4 18 
32 84 —2 16 +o 20 108 664 +1 31 —2 48 
os. 89 —2 8 +o 16 I12 677 +1 35 —4 20 
35. 38 113 686 +1 39 95 
36. 1o1? —2 0 +o 48 +1 44 7 
37 102? —2 0 —O 43 115 698 +1 44 +o 26 

39 108 — 36 16... +1 47 —o 38 
+o 56 750 +1 49 +1 18 
—I 35 +I 53 —o 50 
2 12 —1 46 +0 54 122 718? +1 54 —2 33 
43 —1I 40 +0 32 +1 59 +0 44 
44 128 —I 39 —o 46 126 752 +2 25 —2 36 
45 138 —I 32 —I 4! +2 26 —s 7 
40 141 —1 28 +1 0 128. 757 +2 28 +0 33 
48 152 — 22 —o 58 130. 760 +2 36 —3 16 
—1 19 —I 21 +2 42 —4 6 
Roe ee —1 18 +2 37 132 705 +2 43 —1 38 
51 168 15 +1 135 7609 +2 48 40 
56 186 —"f 7 2 2 130 772 +2 55 —© £2 
61 213 —O 55 +1 51 138... 781 +3 17 +2 8 
63 217 —O 54 +3 28 Ca eerere +3 32 —2 16 


| 
2367 —O 44 +1 14 140...| 790 +3 38 +o 30 
+2 34 141...) 832 +3 40 —o 8 
Cp....| 25% —o 38 +2 46 143....| 703 +3 44 +1 15 
—2 28 144...| 803 +4 17 —o 8 
+1 59 146 ...| 809 +4 37 
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TABLE II 
STARS 


No. da cos 6 aé No. Aa cos 
34 —3'53" | +0’ 9” || &...| geo +5 
eer 55 —3 I —O 4I 85. 509 +0 35 +2 16 
roe 62 —2 44 +1 oo 87 52 +o 38 +2 26T 
—2 27 —o 58 88 529 +o 40 —5 19 
77 —2 23 —o 50 93 592 +o 460 
—2 20 +o 22 04 +1 3 —o 28 
34 04 95 599 +1 3 —2 38 
38 101? +0 50 99 829? 13 +2 20 
ee 148 —I 22 —I 43 100 630 +1 13 —o 24} 
ae 171? —1 15 —1 20 109 667 +1 33 +1 16 
179 —I +o 1* | I10 670? +1 34 +0 30 
181 —1I 10 2 || 676 +1 35 +o 27 
ee 182 —I 9 —1I 14 117 709 +1 48 +o 46 
Papa 188 —I 7 +1 2: 11g. 716? +1 50 +1 12 
MD sis xis 194 —I 5 —4 10 120 830 Tt 53 +o 38 
216 —o 54 —o 3f | 12 740 +2 21 —I 25 
ee 229? —o 48 +0 59 125 750 +2 2f —2 2 
, ee 229? —o 48 +0 57 129 759 +2 33 —2 31 
234 —O 45 TZ 133 7606 +2 43 24 
re 382 ° Oo ° Oo 134 767 +2 44 —O 22 
Os ay shits 393 +o 4 —o 26 142. 792? +3 41 +1 30 
ee 493 +0 31 +1 44 145 833 +4 17 —1 25 


* Color uncertain. Two stars at this point. 
t Variable ? 
Variable. 


It would be easy to enlarge this list, but I have thought best 
not to add to it until the work can be done more properly with 
different color-filters. 

For the comparisons two photographs have been used. The 
first of these was made with the 13-inch astrographic refractor of 
the Potsdam observatory, which is of course corrected for the violet 
or ordinary photographic light. The other is a photograph taken 
with the 4o-inch refractor of the Yerkes Observatory with a yellow 
color-filter and an isochromatic plate, which gives an image 
closely resembling that seen with the eye in the same instrument. 
The Potsdam plate was made by Eberhard and Ludendorff, July 
20, 1900, with an exposure of 231". The Yerkes Observatory 
plate was made by Ritchey with an exposure of 3"30™. I have not 
been able to find the date of this last plate, which was perhaps 
made also in 1900. 
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PLATE IV 


South 
> 
*e 
e* 
Fol. 
M 13, TAKEN WITH THE 13-INCH (34-CM) PHOTOGRAPHIC REFRACTOR OF THE 
PotTspAM OBSERVATORY. No Fitter Usep. 
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PLATE V 


South 
—240"  —180’ —120" +60" +120” +180" +240” 
= 
—240 
Fol. 
Pree ” 
° 
. 
= +180" 
. 
L I - I i 


M 13, TAKEN WITH THE 40-INCH (102-CM) REFRACTOR OF THE YERKES OBSERVATORY 
YELLOW CoLor-FILTER USED. 
To refer any star from this chart to the printed lists, apply a correction 
in a of +16, and in 6 of +2076. 
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These photographs accompany this paper. A set of co-ordinates 
has been placed on the Yerkes Observatory plate, which is correctly 
oriented from my micrometer measures. 

South 


88 +48 "129 


Index-chart of M 13, for use with Plates IV and V 


It should be stated that for this work the Potsdam plate has 
received a very great enlargement which makes any comparison of 


| 
F 92. 
° 
18 
54 14 . 
58 
| 2° 130 
VI 
52 
for 133 
. 7 
; 63 8&4 s 
N 
| 


178 E. E. BARNARD 


the relative qualities of the images on the two plates very unfair 
to it. 

Though one would not fail to notice the marked differences in 
the relative sizes of some of the stars in comparing these photo- 
graphs, especially in the fields inclosed in the circles, it is perhaps 
well to call attention briefly to a few of the most striking peculiarities. 

The Roman numerals, of course, refer to the circles. The two 
plates are designated Y. O. and P. O. for the observatories where 
they were made. 

I. Of the eight stars strongly shown on the Y. O. plate, only 
three appear strong on the P. O. plate and a fourth faintly. The 
three are evidently bluer than the other stars near. 

II. Of the four stars on the Y. O. plate, one (No. 30) is evidently 
strongly yellow, as it is almost invisible on the P. O. plate. 

III. The star 47, so conspicuous on the P. O. plate, is perhaps 
the most striking example of a blue star in the cluster. The Y. O. 
plate, however, shows that a number of the stars near it are yellow. 
The apparently conspicuous double star close inside the lower part 
of this circle on the P. O. plate is a defect. 

IV. In the triangle of three stars of which No. 66 is at the right 
angle, it will be seen that 66 is very much bluer than the others. 
The visual observations confirm this great difference. With the 
telescope I have never been able to get No. 66 perfectly defined. 
It has always appeared hazy like a minute nebula, in this respect 
strongly resembling the present appearance of such stars as Nova 
Cygni (1876) and Mrs. Fleming’s Nova Sagittarii of 1898. The 
best focus for it is about one-tenth of an inch (2.5 mm) farther 
from the object-glass than for the other stars of the cluster. Notice 
also the star 56 near the upper edge of the circle and the small star 
close by preceding it. The relative magnitudes on the two plates 
are reversed. 

V. The eye will pick out many discordances in the relative sizes 
of the stars here on the two plates; perhaps the most striking are 
82 and 86, and especially 99 and 103. 

VI. This field shows many discordances, especially at 125, 126, 
and 129. 


VII. There are several striking differences in this region, notably 
in the case of 135, 141, and 146. 
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In the lists, where it has been possible, I have identified the 
stars with those of Dr. J. Scheiner (Der Grosse Sternhaufen im 
Hercules Messier 13). Where such identification is certain, the 
Scheiner number and position are given. Where the identification 
is uncertain, or the star apparently was not measured by Scheiner, 
the approximate place (roughly taken from the photograph) is 
given. Scheiner’s Nos. 216 and 630 are variable stars which were 
discovered by Professor Bailey of the Harvard College Observatory. 
I have found the period of these two objects to be 5.1 days and 
6.0 days respectively. They seem to fall in the class of “blue 
stars,’ because apparently they are relatively brighter at maximum 
in the regular photographic telescopes than with the eye. I have 
previously called attention (Astrophysical Journal, 12, 177, 1900) 
to the fact that Scheiner’s normal star, No. 382, falls in the list of 
“blue stars.” It is excessively faint visually. This faintness is 
perhaps due in part to its position in the bright part of the cluster. 

From the great number of variable stars in some of the globular 
clusters it might be suggested that these differences in the relative 
size of the star images on the two plates of M 13 are due to vari- 
ability in the stars themselves. In the principal cases given here 
I have visually assured myself that the stars are not variable. It 
is known that M 13 is relatively free from variable stars. There 
seem to be but the two stars mentioned above that are known posi- 
tively to be variable, though there are several that I have suspected 
of variability. One of these, which seems to be certainly variable, 
lies midway between Scheiner Nos. 231 and 270. Its position is 


1902.0 a= 8= +36°37'42"4 


Ordinarily, color-differences are not so apparent as those in the 
present plates. The Potsdam picture was made from a rather 
dense glass positive. This has considerably accentuated the con- 
trast. I have, however, verified the principal differences by com- 
parison with a photograph taken by Mr. Pease with the 60-inch 
reflector at Mount Wilson, which was kindly supplied me for the 
purpose by Professor Hale. It shows essentially all the stars that 
are on the 4o-inch plate, though the exposure was only six minutes. 
In the case of faint stars the size of the image does not differ greatly, 
but the density may differ considerably. This density is a function 


| 


180 E. E. BARNARD 


of the actinic energy of the light and is (when the photographs are 
taken with and without a filter) an index, to a certain extent, to 
the color of the star. By somewhat heavier printing the less dense 
image will give a relatively smaller star disk, and the color effect 
will be more apparent. Caution must, however, be exercised in 
such an experiment not to overdo the contrast, as this can produce 
effects that are not due to color. 

In my early work on M 13 I found the following correction to 
Scheiner’s Der Grosse Sternhaufen im Hercules Messier 13. His 
stars Nos. 98 and 782 do not seem to exist. The place of 782 
(+3'21"’, — 233”) is evidently an error of reduction, for there is 
no star at that point on the plate measured by Scheiner. It is 
doubtless a measure of 785 (+ 3/23’, —2'33”’) with an error of 
2’’+ in the Aa. They both have the same note, “Strich stért,”’ 
which could not apply to 782, as its place is free of the reticle while 
No. 785 is on the reticle line. The given declinations are the same. 

Number 98 (—2'1”, —3'20’’), however, appears on Scheiner’s 
Plate I, 5” south of No. 96. Ona photographic copy of this plate 
which I have, its image is perfectly like that of 96 or any of the 
other stars. It is slightly brighter than 96. The note to 98, 
**Fleckchen stért,” shows that there must have been some defect 
on the original plate (not visible, however, on the copy) which 
affected the image. The star does not seem to have shown on 
Plate II made the next night, nor on a Lick plate of the same vear, 
nor on any of the other photographs that I have of the cluster, and 
many years’ observations with the 4o-inch telescope do not show 
anything at its place. If it is a false image it resembles a true star 
better than any defect I have seen before. 

YERKES OBSERVATORY 

Bay, WIs. 

September 4, 1912 

The foregoing paper was prepared in its present form nearly two years 
ago, and it is thought best to let it stand as it is. In the meantime some suc- 
cessful photographs of the spectra of a few of the individual stars of M 13 have 
been obtained with the 60-inch reflector at Mount Wilson. In the Publi- 
cations of the Astronomical Society of the Pacific for October 1913, p. 260, Mr 
Adams gives a short paper on two photographs of this cluster (M 13) which 
had recently been taken by Mr. Pease with a small slit-spectrograph at the 
primary focus of the 60-inch reflector, with exposures of 21 and 22 hours. 
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These show the individual spectra of some nineteen stars. He classifies these 
spectra thus: 


Class No. of Stars 


From the two star lists in my paper we have the following results: 

The foregoing would indicate a larger percentage of yellow stars, but 
too much reliance must not be placed on these numbers. The want of an 
exact standard of comparison makes a thorough investigation difficult with 
the means at my command. Dr. A. Van Maanen has, however, lately taken 
up a similar investigation of the stars in this cluster with the 60-inch reflector 
at Mount Wilson, by taking plates through a yellow color-filter and without 
any filter, for color comparisons. This is a much better plan than the use of 
two different telescopes as in my investigation, and one that I had hoped to 
carry out with the 40-inch refractor; but I was prevented by the want of a 
proper blue filter or a correcting lens. When Dr. Van Maanen’s work is com- 
plete a more definite value for the relative prevalence of yellow or blue stars 
in the cluster will be available. My investigation was made to prove that 
different stellar types exist in the cluster by showing striking examples of 
color differences in the stars. 

In my micrometer measures of the stars of the various clusters I have 
adopted in each case a normal star to which, either directly or indirectly, the 
other stars have been referred. Dr. Scheiner, in his photographic measures 
of M 13, used for this purpose a star, No. 382 of his list, which because of its 
faintness could not be successfully used in my visual measures. Also, this 
star is not near the center but nearer the north edge of the brightest part of 
of the cluster. Quite close to the center of the figure is a distinct and con- 
siderable star, No. 373 of Scheiner’s list. This star, because of its distinct- 
ness in the telescope and its central position, I have used as a normal star to 
which all my measures are referred. It is 2076 south of No. 382 and has nearly 
the same right ascension as that star. 

The co-ordinates that have been placed about the Yerkes plate refer to 
my normal star and not to Scheiner’s. To use the chart, therefore, in con- 
nection with the star lists, it is necessary to apply a correction of +176 in 
right ascension and + 2076 in declination to any star whose position is taken from 
the chart for identification in the list, or to apply these same corrections with 
reversed signs to any star place in the two lists to find the star on the chart. 
This is simplified if we notice that for purposes of identification alone it is only 
necessary to shift the system of co-ordinates in declination on the chart } of 
a division north. 


May 22, 1914 
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WAVE-LENGTH SENSIBILITY-CURVES OF POTASSIUM 
PHOTO-ELECTRIC CELLS 
By HERBERT E. IVES 


In a recent paper’ the writer has shown that the illumination- 
current relationship in the ordinary forms of gas-filled photo- 
electric cells is not rectilinear. This fact very seriously limits the 
use of the cell for light-measurement, even in the simplest case. that 
in which the light-sources under comparison possess the same dis- 
tribution of intensity through the spectrum. Where the light- 
sources are different in color it is necessary not only to have a 
simple illumination-current relationship, but the wave-length 
sensibility-curve should be that of the normal eye, if actual visual 
photometric values are desired. Assuming that cells could be 
selected of such gas pressure that for a limited but useful range the 
illumination-current relationship is satisfactorily linear, it should 
be possible to make an absorbing screen which would reduce the 
cell’s sensibility-curve to the desired shape. For this purpose 
and also where one is content to use the scale of magnitudes deter- 
mined by the cell’s natural sensibility, it is a matter of prime 
importance to determine what this natural sensibility-curve is, and 
as well whether it is the same for all cells of the same alkali metal. 

A priori, from the work of Pohl and Pringsheim? it is to be 
expected that the sensibility-curve will depend upon the surface 
and the angle of incidence, since upon these factors will depend the 
relative amounts of normal and selective effect. Although, accord- 
ing to the theories of Einstein and Richardson, the long-wave limit 
of photo-electric action should be a definite characteristic of the 
metal used, recently published observations of Pohl and Prings- 
heim, as well as work of Elster and Geitel, have shown that this 
limit can be exceeded and actually appears to depend on the age 
and history of the surface. Richardson and Compton, in their 


? Astrophysical Journal, 39, 428-458, 1914. 


2 Berichte der Deutschen Physikalischen Gesellschaft, 12, 215-228, 349-300, 1910; 
15, 637-044, 1913. 
3 Phil. Mag., 26, 549, 1913. 
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work to test Richardson’s theory, plot wave-length sensibility- } 
curves showing a very great change with time after deposition of 
the metal. 
In view of these facts it is hardly to be expected that all cells 
will have exactly the same sensibility-curve. But how much dif- 
ference may be expected in cells of similar construction? Might 
it not be possible to prepare cells of similar surface characteristics 
which would be alike and reproducible ? An answer to these ques- 
tions was sought in the measurements here described. 


42 44 Se S52 .5¢ sé e2 ot ee cou 


Fic. 1.—Wave-length sensibility-curves of five potassium photo-electric cells, 
using Nernst glower as source. i 


In all, nine cells were available at one time or another, and all 
were measured on the same apparatus. This consisted of a Hilger 
monochromatic illuminator, on whose slit was focused the image 
of a Nernst glower, operated at normal current. The photo- 
electric current was measured by the steady deflection method, as 
described in the previous paper. Owing to the non-linearity of 
the illumination-current relation the curves as obtained are not 
strictly accurate. As, however, the slit-width was kept quite 
small, the deflections were not large. Deviations from rectiline- 
r arity were consequently small and any errors due to this cause 
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were certainly much smaller than the large differences which show 
between the cells. 

The wave-length sensibility-curves as obtained with the Nernst 
glower as source are shown in Fig. 1, drawn equal ato.50u. Only 
five are given,’ because the whole number of curves become almost 
inextricable if plotted together and those shown are sufficient to 
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Fic. 2.—Wave-length sensibility-curves of five potassium photo-electric cells, 
reduced to equal energy spectrum. 


reveal the essential facts. No two sensibility-curves are alike, 
either in position of maximum or in long-wave limit, and the differ- 
ences can be characterized only as enormous. 

| In Fig. 2 the same curves are shown replotted for an equal energy 
spectrum. The calculation of these values was based on a spectro- 
photometric comparison of the light of the Nernst glower with that 


* The cells are those designated by the same letters in the previous paper. 
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of a ‘‘4-watt”’ carbon lamp, previously found to be of the relative 
energy distribution of a black body at 2080° absolute.t From this 
comparison it appeared that the glower light corresponds in color 
to a black body at 2310°. Values calculated from Wien’s equation 
then give the energy distribution. 

Inspection of these curves shows that the different sensibility- 
curves differ in two respects: first, in the relative prominence of 
the “hump,” due to the selective effect; second, in the: long-wave 
limit to the effect. 

The explanation of the relative amounts of normal and selective 
effect might be sought in the surface conditions were it not for the 
fact that the cells 6, d, and f were all prepared by distilling the 
potassium on to the cold glass surface, as described in the previous 
paper, and possessed very similar matt surfaces. They were, in fact, 
as nearly alike in character as one could expect to make cells in 
practice. Yet they differ very materially in properties. In cell e 
the metal surface is quite mirror-like, and in another cell, not shown, 
a somewhat similar preponderance of normal effect is present. 
There is, in short, nothing in these results clearly indicating any 
other factor than the surface configurations, but they do discourage 
the idea that surfaces quite similar in appearance will have the 
same proportions of normal and selective effect. 

As to the long-wave limits, these vary from approximately 0.6 yu 
to the infra-red. Four of the five cells shown were filled with the 
same “‘c.p.”’ potassium, so that this peculiarity cannot be ascribed 
to differences in the metal before its introduction. Other possible 
causes are the gas pressure in the cell and the amount of gas occluded 
by the potassium. No certain connection appears to be shown 
between the gas pressure and the character of the sensibility-curves. 
There is some reason to believe, from knowledge of the history of 
the manufacture of the cells, that ones in which the potassium was 
most thoroughly boiled in vacua for a long time, and were afterward 
maintained at the best vacua, had the shorter wave limits. 

The whole matter of wave-length sensibility-curves, their 
dependence upon the manner of preparing the cell, upon surface 
character, on past history, etc., is one demanding thorough 


* Phil. Mag., 24, 862, 1912. 
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investigation. It is evident, however, from the data here presented 
that each cell is an individual, not only in its illumination-current 
relation, as previously shown, but in its wave-length sensibility. 
The use, therefore, of photo-electric cells as at present constructed, 
for stellar and other photometry, must be extremely cautious to say 
the least. 


PHYSICAL RESEARCH LABORATORY 
Unitep GaAs IMPROVEMENT Co. 
PHILADELPHIA 
April 1914 
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ON THE CHANGE OF SPECTRUM AND COLOR INDEX 
WITH DISTANCE AND ABSOLUTE BRIGHTNESS. 
PRESENT STATE OF THE QUESTION’ 

By J. C. KAPTEYN? 


In what follows I have brought together whatever evidence, 
published or unpublished, has come to my knowledge on the ques- 
tion indicated in the title of this note. 

The evidence bears on the real existence of the two following 
observed phenomena: 

I. OBSERVED PHENOMENA 

(1) On the average the apparently fainter stars are redder 
than the brighter ones. 

(2) Apparent magnitude and spectral lines being the same, the 
stars are redder the farther away they are. 

Il. POSSIBLE EXPLANATIONS 

The phenomenon (1)—if real—is explainable in one of the three 
following ways: 

(3) By the predominance of the later spectral types among the 
fainter stars. 

(4) By an influence of the absolute brightness on the color index. 

(5) By selective absorption (or scattering) of light in space. 

For the phenomenon (2)—if real—there are only the two 
explanations (4) and (5). 


Ill. INVESTIGATIONS REQUIRED 
The three following investigations are therefore necessary to 
settle the reality of, and to determine quantitatively, the phe- 
nomena in question: 
(6) Investigation of the relative frequency of the several spectral 
classes among the stars of the fainter magnitudes. 


* Contributions from the Mount Wilson Solar Observatory, No. 83. 


* Research Associate of the Carnegie Institution of Washington, Mount Wilson 
Solar Observatory. 


187 


| 


188 J.C. KAPTEYN 


(7) Investigation of the influence of absolute brightness on the 
spectrum. 
(8) Investigation of the influence of distance on the spectrum. 


IV. REMARK UPON (3) 


It is important to note that a predominance of later-type stars 
among the fainter stars does not necessarily mean such a pre- 
dominance among the more distant stars. If the spectral types 
are equally mixed throughout the stellar system, and if there is no 
space absorption nor any influence of absolute brightness, we shall 
find relatively more later types among the fainter stars. As a 
consequence, the fainter stars will be redder on the average than 
the brighter ones. 

In order to see this at once,’ imagine for a moment that the 
stellar system is sharply limited at a certain distance from the sun, 
and suppose, for the sake of simplicity, that we have to do only 
with stars of the first and second spectral classes, and that the 
proportion of the two classes does not change with distance. As 
the first-type stars are much more luminous, and as they are at the 
same time more nearly equal, the very faintest second-type stars 
must be much fainter than the least luminous first-type stars. Let 
the difference be a magnitudes. The very faintest stars that we 
see in the sky will therefore be the least luminous second-type stars 
which stand at the limit of the system. Let their apparent mag- 
nitude be uw. The stars of apparent magnitude uw will thus be 
exclusively second-type stars. So also will be the stars of mag- 
nitude w—-1, w—-2....uptoy—a. At this last magnitude we 
begin to find some of the least luminous of the first-type stars and 
from this magnitude upward the number of first types, relatively 
to that of the second, will steadily increase. Evidently there is 
a predominance of second-type stars for the fainter magnitudes, 
without any thinning-out of the first-type stars with distance. 

If we do not assume a sharp limit for the stellar system the 
same will still hold, at least if, as is found by all investigators,’ the 
star-density diminishes with increasing distance. In order to show 


t My attention was drawn to this consideration by Professor Hertzsprung. 


2On the supposition, though, of the non-existence of appreciable space absorption. 
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this and at the same time to obtain at least some quantitative idea, 
I computed the relative numbers of the first- and second-type stars 
for different magnitudes on the suppositions: (a) that for the fifth 
magnitude the number of stars for the two types is the same; 
(6) that for the first type the color index is zero, and for the 
second type +1.0 mag. I adopted the luminosity-curves found 
in Groningen Publication, No. 11, p. 31 (Sol. B). They are well 
represented by the formula: 

Number of stars (9) 


in which M=absolute magnitude and 


for the first type, A=0.243 k= 8.95 mags. (10) 
for the second type, 4=o.247 k=10. 30 mags.’ (11) 


The computation was further carried out by means of the very 
convenient formulae given by Schwarzschild.? I found the results 
given in Table I. 


* An attempt is now being made by Dr. Kohlschiitter and myself to obtain the 
luminosity-curves for each of the spectral classes, B, A, F, G, K, M, separately. As 
these are not yet available I had no choice but to adopt the curves of Groningen Pub- 
lication, No. 11, though well aware of the fact that they are less satisfactory than what 
could be obtained by the use of more recent data. It seems probable (as implicitly 
assumed a moment ago) that with these better data we should find the value of / 
for the first-type stars very appreciably greater than for those of the second type. 


2 Astronomische Nachrichten, No. 4557. According to Schwarzschild: 


log number of stars=const.—a,m—a,m? (P) 
where 
_ +0. 4)—b2(ar+0.6) ab, 
The values of b; and b, must be found from the luminosity-curves. We have 
b,=h?X Mod. 


It is necessary in formulae (10) and (11) to diminish the values of k by 5 magnitudes 
in order to comply with Schwarzschild’s definition of absolute magnitude, which 
differs by 5 mags. from that adopted in the Groningen Publications. The quantities 
a, and a, depend on the star-density according to the formula: 


log D (r) =const.+ 5a: log r—25a2 (log r)? 
The first constant, only, is supposed to differ for the two types. For the other con- 
stants Schwarzschild finds: 
a;= +0.097 +0.0088 
The constants being thus found and substituted in (P), we get the numbers whose 
ratios are in Table I. 
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The numbers in this table may be appreciably in error owing to 
the confessedly defective data on which it rests. At all events, 
however, it is evident that the apparent magnitude approaching 
infinity, the average color index will asymptotically approach 1.000, 
the maximum change thus being half a magnitude. 


TABLE I 
} First Type Average 
oa Second Type Color Index 


We thus see that the average color index of the faint stars is 
almost of necessity different from that of the brighter ones. In 
consequence of this it will be practically impossible to define a scale 
of magnitudes for the stars too faint for special classification in such 
a way that on the average the photographic and the visual scales 
will agree. Furthermore, unless observation yields a change in 
the relative numbers of the several spectral classes or in the amount 
of the color index materially exceeding that shown in Table I, 
we shall not be justified in concluding, from the observed phe- 
nomenon (1), that there is a relative increase in the later types 
with distance, nor shall we be able to conclude that either causes 
(4) or (5) are active. 

Meanwhile the assumption that “the spectral types are equally 
mixed throughout the stellar system’? is probably wrong. In 
Groningen Publ., No. 11, Table 8, it was found that the density of 
the first-type stars does not decrease nearly so quickly with the 
distance as that of the second-type stars. This cause acts strongly 
in the opposite direction of the Hertzsprung effect. The phe- 
nomenon (2) is of course entirely independent of the latter effect. 


V. IMPORTANCE OF THE INVESTIGATIONS (6)-(8) 


Suppose that the investigation (6) leads to the result that the 
change in the relative frequency of the various spectral classes 
varies more than can be accounted for in the foregoing manner. 
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We shall then conclude that the later types are more frequent 
among the more distant stars. But if this is so, the luminosity- 
curve for all the stars together will change with distance. For 
the luminosity-curve of the mixture of stars of different spectral 
classes is of course dependent on the proportional numbers in each 
class. These proportional numbers changing with distance, the 
luminosity-curve of the mixture must necessarily change with dis- 
tance. This means that our present theories about the arrangement 
of stars in space will need revision, for they all start from the suppo- 
sition that the luminosity-curve is constant. Such a state of affairs 
would emphasize the necessity of an investigation of the arrange- 
ment in space for each class of spectrum separately. Independently 
of such a change, and for many obvious reasons, such a separate 
treatment is, in my opinion, one of the urgent desiderata of science. 
The investigation (6) will furnish one of the most indispensable 
data for such a treatment. 

A well-determined influence of absolute brightness (7), besides 
being important in a study of the physics of stellar atmospheres, 
would furnish the means of determining parallaxes, especially for 
the distant stars, where the other methods break down. 

An influence of absorption, if it exists, must introduce elements 
in the spectra of the distant stars which have nothing to do with 
the chemical and physical properties of the stellar atmospheres. 
For a fundamental study of the star-spectra the knowledge of any 
distance effect is therefore urgently required. Besides, as with the 
former influence, it will furnish means of getting data for very 
great stellar distances. In fact, the simple result of the direct 
observation (2), if once well established and investigated, will do 
this independently of the question to what extent it is to be ex- 
plained by either of the causes (4) and (5). For the rest, the 
determination of a selective loss of light in space would be the first 
step toward the determination of the total loss of light. A good 
illustration of the absolutely fundamental importance of this 
latter quantity in the investigation of the structure of the stellar 
system is furnished by the fact that a loss of o.18 magnitude for 
every unit of distance (32.6 light years), which has been assumed 
by Comstock, leads to a star-density, at the distance of 3,000 light 
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years, hundreds of millions of times greater than the supposition 
that no such loss exists.‘ It must be clear from this that, un- 
less we succeed in determining the absorption constant within at 
least something like a thousandth part of a magnitude, no really 
definitive results can be obtained for the arrangement of stars in 
space. 


VI. INFLUENCE THAT WOULD BE EXERTED BY SELECTIVE ABSORP- 
TION OF LIGHT 


Before adducing the evidence already existing, I will give a 
little table showing to what extent selective absorption of light by 
an interstellar medium (if homogeneous) would make itself felt, 
on the average, for stars of different apparent magnitudes. (The 
mean parallaxes have been assumed in accordance with what, 
in my opinion, are the best data at present available.) 


TABLE II 
7 Change in | = Change in 
Vis. Mag. Color Index Vis. Mag. Color Index 
6.0 0.04 Mag. 14.0 0.42 Mag. 
8.0 0.07 16.0 0.75 
10.0 0.13 18.0 1.30 
12.0 0.24 20.0 2.40 


These numbers are in accordance with the “absorption co- 
efficient”’ derived in Astrophysical Journal, 30, 295, 1909,? where c 
was taken to be vanishing. For other values of the coefficient 
our numbers will have only to be multiplied by a constant factor. 
The table shows well how an absorption, even when small-and 
hardly appreciable for the stars below magnitude 9g, may still be 
all-important for the very faint stars—how, therefore, its accurate 
determination must almost of necessity be made dependent on 
these latter stars. For the dependence on absolute brightness we 
cannot make such a table because of our ignorance as to the law 
which would express such a dependence. 


* Astronomical Journal, No. 566. 
2 Mt. Wilson Contr., No. 42. 
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VII. EVIDENCE EXISTING ON THE PHENOMENON (1): THE FAINTER 
STARS ARE REDDER ON THE AVERAGE THAN THE BRIGHTER 


a) Fath’s result. 


The result of the comparison of 76 pairs of stars on the five plates showed 
that, in the mean, the fainter stars are distinctly redder than the brighter ones. 


b) King’s result? King finds 
d=-+0.019+0.010 mag. (12) 


d representing the change of color index over unit of distance (32.6 
light years). His conclusion is: 

From the correspondence and agreement of the results as viewed from 
different standpoints, I believe that we are dealing here with an actual factor, 
which, if not real absorption, produces effects similar to absorption. 

There is a more recent paper of King’s giving 


d=+0.023 (13) 


I quote the result from Observatory, February 1914, because I have 
not as yet seen the original paper. 
c) Turner’s result4—From various considerations the author 
finds: 
d=+0.030 (14) 


d) Four clusters ’—The globular clusters ofier a case promising 
a separation of the two causes (4) and (5). For on small-scale 
plates, or on larger-scale plates if we operate out of focus, we can 
compare the color index of the cluster with that of a star of equal 
average spectrum and magnitude, without introducing perturbing 
photographic effects. At the same time, if the star has a sensible 
proper motion, we may be sure that the difference in distance is 
very considerable. As there is little reason for assuming that the 
separate stars of the cluster are, on the average, of a luminosity 
much different from that of the comparison star, a possible 


 Ibid., No. 63, p. 5; Astrophysical Journal, 36, 366, 1912. 

2 Annals Harvard College Observatory, 59, 182, 1912. 

3 Ibid., p. 183, 1908. 

4 Monthly Notices, 69, 61-71, 1908. 

5 Mt. Wilson Contr., No. 42, p. 33; Astrophysical Journal, 30, 316, 1909. 
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effect of the absolute magnitude is avoided. The results are as 
follows: 


N.G.C. 7076 Color index =S+1.0 mag. 
N.G.C. 7089 S+0.45 
Nucleus Great Andromeda Nebula S+1.0 
Hercules cluster S+0.9 


where S=color index of the comparison star, which is of the same 
magnitude and the same average spectrum (according to Fath) as 
the cluster. For the Hercules cluster I assumed the average 
spectrum to be F1, which is the average of the spectra recently 
found by Pease for 19 stars in the cluster.’ 

These determinations are rather rough, and the adopted average 
spectra of the clusters perhaps not unobjectionable. Still, as the 
differences are so large and the clusters almost certainly very far 
away, the qualitative evidence seems pretty strong. 

e) Limiting photographic magnitudes as determined by Professor 
Pickering —In Harvard Circular, No. 170, Professor Pickering 
gives for several instruments the magnitudes of the faintest stars 
obtained on the present rapid plates by an exposure of 60 minutes. 
I have myself derived the visual magnitudes of these faintest stars 
by the aid of the data in Groningen Publication, No. 18. In com- 
paring the results we have to take into account the difference of 
the scales. Pickering’s photographic magnitudes are on the Inter- 
national scale, the visual magnitudes on the Harvard visual scale. 
The International scale of photographic magnitudes is identical 
with the Harvard visual scale for the stars of spectrum Ao, mag- 
nitude 6.0. For the stars of other spectra there is a difference. 
Let 

A=average difference: Phot. Mag. (Int. scale) / 
minus Visual Mag. (Harv. scale) \ 


(15) 


For the stars of visual magnitude 6 to 7 (Harv. scale) I found 
from Parkhurst’s Yerkes Actinometry? 
A=+0.66 mag. (16) 


“Annual Report of the Director of the Mount Wilson Solar Observatory,” 
Year Book of the Carnegie Institution of Washington, No. 13, p. 219, 1913. 


2 Astrophysical Journal, 36, 169, 1912. 
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If, therefore, the fainter stars are as red as the brighter ones, we 
must find for them the same average difference. If they are redder, 
the difference must be greater. As a matter of fact I find the results 
given in Table ITI. 

TABLE III 


STARS ON PLATES, 60 MINUTES EXPOSURE 


Phot. (Int. Scale) Vis. (Harv. Scale) | Phot.—Vis. —0.66 


ee 15.7 13.8 | +1.24 
16.5 | 14.9 +0.94 
60-inch reflector.............. 19.5 | 17.4 +1.44 

17.65 | 15.55 +1.44 


If the stars of these magnitudes were no redder than those of 
magnitude 6.5 (visual) the numbers in the last column ought to 
be sero. Still, they are probably not to be explained altogether 
by the increased color index of the fainter stars. Systematic errors 
in the scale of Pickering’s photographic Polar Sequence and in the 
visual determinations of Parkhurst in his Photometric Researches— 
on which the determinations of Groningen Publication, No. 18, 
depend almost exclusively for the very faint stars—may have very 
materially contributed to the results. Seares has made a few 
direct comparisons of one of Parkhurst’s fields with the visual Polar 
Sequence (considerably prolonged by Seares himself). These cer- 
tainly indicate a very considerable divergence. But even if we allow 
for such divergences and if we take into account what has been said 
in Section IV, there must still remain a considerable part of the 
difference found between the color indices of the stars of mag- 
nitudes 15.5 and 6.5 which is to be explained either by a preponder- 
ance of the later types among the far-away stars or by one of the 
causes (4) or (5). 

ft) Limiting magnitude of the Franklin Adams plates—Among 
the data of Groningen Publication, No. 18 (p. 11), occur fifteen 
Franklin Adams plates, which have been counted on an average 
down to visual magnitude 13.5, Harvard scale. The average 
limiting magnitude cannot well be fainter by more than half a mag- 
nitude, the plates being purposely counted close to the faintest 
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magnitude shown. As, however, there are three plates on which 
the counts extended to 14.1, 14.3, 14.5, Harvard scale, I will 
adopt 


Vis. Mag. faintest _ 
stars F. A. plates te 14.3 Harv. scale=14.96 Int. scale * (17) 


According to a private letter from Professor Dyson, direct 
comparison at Greenwich of 17 Franklin Adams regions with 
Pickering’s Polar Sequence gave in the mean: 


Phot. Mag. faintest stars on F. A, plates=16. 51 (18) 


The difference noted for visual magnitude 14.3 (Harvard) is 
+1.55 magnitudes. The possible explanations are the same as in 
the preceding case. 

g) Barnard’s estimates (unpublished).—In a letter to Seares, 
Barnard gives some estimates made by himself at the 40-inch 
refractor. I have added (in brackets) the photographic magnitudes 
given by Pickering in Harvard Circular, No. 170: 

The faintest star I could see on an ordinary night was tos [18.30]. 
It could have been measured if necessary. I am sure I glimpsed 
21s (18.67]..... 17s [16.97] was very noticeable. My estimate of 17s was 
ae 34 [17.11] is very easy. Estimated 15™. I hope to get a 
trial on a good night. 

Parkhurst’s determination of the limiting visual magnitude of 
the 40-inch refractor, made with “good seeing,” ocular 750, is 
16.8 Harvard scale. It is in connection with this determination 
that we have to take Barnard’s estimates. The possibilities are 
as under e) and /). 

h) Hertzsprung’s results (unpublished).—In the summer of 1912 
Professor Hertzsprung took a great number of photographs with 
the Mount Wilson 60-inch reflector, stopped down to 40 inches in 
order to increase the field. A coarse grating was placed before 
the opening of the tube, which of course produced spectra on both 
sides of the main image. The distance between the first-order 
spectra, which are so short that they can hardly, if at all, be dis- 
tinguished from ordinary star images, is about 1 millimeter. This 
distance must be different for different ‘effective wave-lengths.”’ 


? Photometric Researches, p. 189. 
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Careful measurement of this distance thus furnishes a measure of 
the color index. Up to the present only the photographs of a single 
region, that around N.G.C. 1647, have been completely measured 
and reduced. The total number of stars is 206. The color index 
increases very gradually and steadily with the magnitude. From 
magnitude 9 to about 14.5 the increase is about 0.7 or 0.8 mag- 
nitude. Both the stars in and outside the cluster show the phe- 
nomenon. 

i) Seares’s result..—Seares gives results for two areas, one cover- 
ing the region of Pickering’s Polar Sequence, the other the region 
round S Cygni. For the stars of these regions both the photo- 
graphic and the “photovisual”’ magnitudes (obtained by the use 
of isochromatic plates and yellow filter) were carefully determined. 
The number of stars included in the first area is 107, in the second 
about 200. The color index is found for both to increase very 
gradually with increasing magnitude. 


The real change in the minimum index (that is, of the color index for the 
whitest stars) between the 6th and the 17th magnitudes, is probably about 
one magnitude. Beyond the 15th magnitude there appear no stars with indices 
less than +0.5 mag. 


The change of the average color index is 0.34 magnitudes. 


Jj) Harvard result-—The Harvard results for the Polar Sequence 
give no systematic difference between the photographic and visual 
magnitudes of the white stars from magnitude 4.5 to 13.3. It is 
the only case I know in which the fainter stars were not found 
redder. 

Meanwhile it seems quite possible that this is simply the con- 
sequence of the method of reduction adopted. A full explanation 
has not yet been published, but the following words occur in 
Harvard Circular, No. 170: 


An absolute scale of magnitudes was derived separately from each of about 
60 plates taken by the above method, the starting-point in every case being 
the mean photometric magnitude of such stars in the Polar Sequence, given in 
Table I, as were measured on that plate. 


* Mt. Wilson Contr., No. 81. Read at the Astronomical and Astrophysical Society 
meeting at Atlanta, December 1913. 


| 
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The words that I have here italicized seem to indicate that the 
agreement of the photographic and the photometric (i.e., visual) 
scales is a forced one. If this is really the meaning of the words, 
then of course the Harvard results yield no data for the present 
inquiry. 

VIII. EVIDENCE ALREADY EXISTING ON PHENOMENON (2) 

a) Kapteyn’s first paper on absorption..—Miss Maury divides 
her spectral class X Va (=K) into two subdivisions.’ 

In the first the general absorption is slight; in the second, it is more con- 
spicuous both in the regions of the violet above mentioned and beyond wave- 
lengths 3889, where the photographic spectrum generally appears to be suddenly 
cut off. 

It is found that with this difference in the spectrum corresponds 
a difference in distance, which is manifest by the difference in 
proper motion (yu): 


Percentage of 
Average 100 u Stars with ) 


100 > 30” ; 
a Cassiopeia stars (weak in violet) 1174 (45 stars) ° (19) 
a Bodtis stars (strong in violet) 47.1 (25 stars) 48 


b) Kohlschiitter’s result (unpublished).—In his classification of 
the Mount Wilson spectra Kohlschiitter sometimes noted the fact 
that the violet is exceptionally faint. The nine stars thus marked 
are listed in Table IV. 


TABLE IV 

Boss No. | Mag. Spectrum Me Aver. « 
eer 6.17 kK 0.018 ©.100 
5.30 0.002 0.130 
5.67 Gs 0.008 ©. 200 
5.92 G 0.009 ©. 230 
5:42 B 0.005 0.023 
6.02 Br 0.010 0.023 
5.04 B 0.004 0.023 
5-54 A 0.026 0.050 


| 
| 


On consulting Boss’s Preliminary Catalogue it was found that 
in every case the proper motion was much below the average proper 


1 Mt. Wilson Contr., No. 31; Astrophysical Journal, 29, 46, 1909. 
2 Annals Harvard College Observatory, 28, I, 39, 1897. 
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motion of the spectral class to which the star belongs (see last two 
columns). In fact, in nearly all cases the proper motion is quite 
insensible. 

c) Kapteyn’s second paper.—In this paper were treated the 
color indices of the stars whose spectra were determined by Miss 
Maury and Miss Cannon,? and whose photographic magnitudes 
could be taken from the Draper Catalogue. The visual magnitudes 
were from the Revised Harvard Photometry. <A first attempt was 
made to separate the influence of the two causes: absolute bright- 
ness and distance. The data, however, proved inadequate for a 
satisfactory discrimination. If, therefore, we try to find only the 
change of color index with distance, and if we call 


d=change of color index for a change of distance / 


of 32.6 light years (t=0”1) ( (20) 


we get 
d=+0.0031+0.0006 mag.’ (21) 


If objection is taken to the distances assumed for the derivation 
in accordance with the table in Groningen Publication, No. 8, we 
may write the result in terms of proper motion. In this form at 
least the value (21), small as it is, seems well guaranteed within the 
limits set by the probable error. For it was derived from stars hav- 
ing the same apparent magnitude and the same spectral class and 
differing only in proper motion. It is hard to see how systematic 
error, either in the spectrum or in the magnitude, could creep in. 
Observers of spectrum and magnitude, who at the time of their 
observation were certainly not aware of the amount of the proper 
motion, could not have introduced such error, even had they 
wanted to do so. Here then is a case where, if ever, we may fully 
trust the verdict of the probable error, and this being the case, a 
value over five times its probable error deserves some confidence. 


t Mt. Wilson Contr., No. 42; Astrophysical Journal, 30, 284, 1909. 
2 Annals Harvard College Observatory, 28 and 56. 


3The correction indicated in Astrophysical Journal, 30, 398, 1909, has been 
applied. 
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d) Van Rhyn’s results for Parkhurst’s stars between 6=+73° 
and 5=+ 90° (unpublished).—The data here are somewhat scanty, 
but of much better quality than those available in the preceding 
investigation. As yet Van Rhyn has used only those of Park- 
hurst’s stars which are in Boss. By adding those for which good 
proper motions are available in Groombridge and Carrington the 
material will be increased in the ratio of 2 to 1." The results thus 
far are shown in Table V. 


TABLE V 


|Average P.M. Average Mag. Sp. Cues tae No. Stars Average 7 


6.0 -+o"12 3 070070 
5.8 A; +0.09 2 0.0187 


+0.46 0.0150 
+0. 36 0.0373 


+0.96 0.0108 
+0.89 .0335 


+1.56 .0088 
+1.39 .0204 


The values of + were found from the magnitudes and proper 
motions by the table for “all stars” in Groningen Publication, No. 8. 
From these data I find, assuming that the factor required for pass- 
ing from the average parallaxes to average distances is the same as 
in Astrophysical Journal, 30, p. 398: 

d=-+0.0050+0.00109? (22) 


The result is decidedly confirmatory of (21). Combining the two 


we have: 
d=-+0.0033+0.0005° (23) 


the probable error now being only a sixth of the amount. 


t As this paper is going through the press, Van Rhyn communicates, as the pro- 

visional result of both Boss and Groombridge stars, 
d=-+0.0079£0.0023 

2A more refined solution will lower this probable error. For it has been shown 
in my second paper that the values yielded by the spectra B to F must be increased, 
those found by the spectra G to M diminished. It is evident by simple inspection of 
Table V that a correction in this sense must greatly increase the agreement of the 
four separate results. 


= 
<ofo50.....| | 
>0.050.....| ©. 100 
@:678 6.2 F3 
<O.100.....] 0.047 5.8 G3 
G3 
<0.068.....| 0.034 | 5.6 K4 
>0.068.....| 0.103 | K4 
| 
| 
i] 
| 
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e) The results of a and 0 rest on spectra taken on different 
plates, at different times, which were separately developed. It is 
well known that under these circumstances photographs of the same 
star will often show great differences in the general absorption in 
the violet. 

In a refined investigation it is necessary to compare stars of 
nearly the same magnitude, taken at the same zenith-distance, on 
the same plate. Some work in this direction was done by Van 
Rhyn at Mount Wilson. He photographed on one plate the 
spectra of two stars, of which the one has a large, the other a 
small, proper motion. Of the six pairs taken, three show the small 
proper motion star to be decidedly weak in the violet. The pairs 
are: Boss 3524 and 2750 (Sp. F8.); Boss 4042 and 4228 (Sp. Go); 
Boss 3922 and 4032 (Sp. Ko). 

f) Adams’ work.—The matter was taken up very thoroughly 
a few months ago by Adams. He compared the spectra of stars 
of great and small proper motions in the way just described. Of 
the results it is stated :* 


Out of 20 pairs of stars investigated, two pairs are of type B8, one Ao, 
one F4, one F7, two Gs, two G6, one G8, seven Ko, one K2, one K4, and one 
K6. Of these, the pairs of stars of types B8, Ao, and F4 show no appre- 
ciable relative difference between the two ends of the spectrum, and the same 
is true of one pair of type G6 and one of type Ko. The remaining fourteen 
pairs all show a marked difference, which in some cases is very great. In 
every case the star which is relatively faint in the violet end of the spectrum 
is the star of small proper motion . . . . in no case is the more distant star 
relatively stronger in the violet portion of the spectrum. 


The phenomenon is demonstrated ad oculos by the reproduction 
of the spectra of five pairs of the observed stars. 

Afterward Adams made a comparison—as yet unpublished— 
at the two ends of the spectrum of those stars of large and small 
proper motion, which have been observed for radial velocity on 
Mount Wilson. Photographs taken at great zenith-distances and 
on hazy nights have been rejected. ‘The results are as contained 
in the following table, which gives the differences: density for stars 
of large proper motion minus density for stars of small proper 


* Mt. Wilson Contr., No. 78; Astrophysical Journal, 39, 89, 1914. 
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motion at the wave-lengths indicated, the density at the red end 
of the spectrum having been reduced to equality for all. 


TABLE VI 
DIFFERENCE IN DENSITY AT 
TYPE AVERAGE PROPER MOTION 
A 4105 | A 4220 A 4205 
Fo—F9.... 0766 (23 stars) o”012 (10 stars) 0.07 0.07 0.08 
Go—Gq4 ... 0.64 (30 “ ) 0.009 (8 “ ) 
Gs—Gg ...}0.64(22 “ )lo.or1r (14 “ ) 0.17 0.16 0.14 
Ko—Ky4 ...}0.70(20 “ )jo.o11 (24 “ ) 0.16 0.15 
“ )lo.ora( 5 ) 0.13 0.12 


Adams thinks that the progression in the differences of density 
for Fo to K4 is probably real. 


IX. FINAL REMARKS 


a) Though many of the investigations summarized in what 
precedes are only in their beginning, the conclusion seems already 
very strong that both the phenomena (1) and (2) are real. Only 
in the latter it is provisionally necessary to read ‘‘are redder on 
the average, the farther away they are,” the words in italics being 
added to the original formulation. 

b) The various methods have their own peculiar advantages 
and disadvantages. The most direct and at the same time the 
most sensitive method appears to be that followed by Adams. It 
has the disadvantage of being, provisionally at least, restricted 
to the brighter stars, that is, to those in which in general any 
distance effect must be, relatively speaking, little pronounced. 
Meanwhile we may hope to get down to much fainter stars by 
diminishing the dispersion and using an objective prism or an 
equivalent arrangement on the reflector. 

With the method followed by Seares very faint stars are reached. 
The interpretation of the results, however, is complicated by a 
lack of knowledge of the spectra. 

If the relative frequencies of the several spectral classes among 
the fainter stars were known, the two methods would help each 
other in discriminating between the two causes (4) and (5). For 
suppose we found that this frequency is the same for the stars of 
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all magnitudes. Then from the two phenomena (1) and (2) we 
should conclude that absorption (scattering) must be the main 
cause and not absolute magnitude. To see this, suppose for an 
instant that absolute magnitude were the only factor. From the 
phenomenon (1) we should conclude that the absolutely fainter 
stars must be the redder. For it cannot well be doubted that 
the apparently fainter stars are also, on the average, the less 
luminous. From the phenomenon (2), on the other hand, it would 
follow that the absolutely brighter stars must be the redder. As 
the two are contradictory, we conclude that the premise must be 
wrong. Absolute magnitude could not, therefore, be the only, or 
even the main, cause. 

c) For this separation of the effects of distance and absolute 
magnitude little has been done up to the present. Adams is work- 
ing on the problem;’ his results are still inconclusive, owing partly 
to the short time as yet devoted to the matter, and partly to the 
difficulty of finding suitable objects in sufficient number. 

d) May not another phenomenon exist, which, side by side with 
other advantages, will in many cases permit an immediate separa- 
tion of the two causes? In Contributions from the Mount Wilson 
Solar Observatory, No. 31, p. 3,7 the question was put whether there 
might not be a gaseous absorption. In a private letter Adams 
states that there seem to be indications of a strengthening of the 
hydrogen lines in the spectra of many of the distant stars of the later 
types. If further investigation confirms these indications there 
will be another case that may be conceived as an effect either of 
distance or of absolute magnitude. The two will, however, now be 
separable, at least in many cases. For any distance effect must be 
explained by the presence of hydrogen in interstellar space. Now, 
as generally the radial velocity of the gas and the star will be 
different, there will be an unsymmetrical widening of the hydrogen 
lines, which must give rise to a displacement of the centers of these 
lines, different from that of the purely stellar lines; conversely 
such a difference will prove the distance effect, that is, the absorp- 
tion or scattering of light in space. 


t Loc. cit. 


2 Astrophysical Journal, 29, 48, 1909. 
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In this summary of what has been done up to the present, I 
have deemed it unnecessary to enter into details of investigations 
already published. For the still unpublished data somewhat more 
detail was obviously desirable. It must be evident how greatly 
the latter have contributed in establishing the reality of the phe- 
nomena under consideration. I feel the deepest obligation to the 
astronomers who have helped me in my task by permitting me to 
use their results. 


GRONINGEN 
February 1914 


Addendum to KapTeyn, “On the Individual Parallaxes of the 
Brighter Galactic Helium Stars, ....” Astrophysical Jour- 
nal, 40, 43, 1914." After line 6, p. 77, insert: 

For 7 of the remaining stars in List 3 (100 w=176), viz., Boss 2187, 2342, 
2217, 2267, 2408, 2575, 2880,? for which the divergence po— p; exceeds 50°, 
the probability is very great that the excessive values are caused in great part 
by observation error. It is for this reason that, before computing the parallax, 
I diminished the value of p.—< by one-third of its amount. This certainly 
is a somewhat arbitrary way of dealing with the matter, but it is to be remarked: 

a) That the adopted change in the position angle is, in all cases but one, 
smaller than its probable error. 

b) That, most likely, the procedure must bring us nearer to the truth. 

c) That the value of the parallaxes of the stars in question—whether we 
take the corrected or the uncorrected values—is next to nothing, as the probable 
errors range from o. 48 to 1.06 times the whole amount of the parallax. 


t Mt. Wilson Contr., No. 82. 
?For Boss 2880 instead of p,—p,=—40°, read —60°. 
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A VERTICAL ADAPTATION OF THE ROWLAND 
MOUNTING FOR A CONCAVE GRATING! 


By ARTHUR S. KING 


A concave-grating spectrograph recently mounted in the Pasa- 
dena laboratory of the Mount Wilson Solar Observatory embodies 
some new structural features which will be described in this paper. 
It provides for a grating of 15 ft. (4.57 m) radius, and, optically 
considered, is the Rowland mounting with the plane of the focal 
circle vertical. This permits placing the grating in a pit beneath 
the laboratory floor, thereby obtaining the constancy of tempera- 
ture which has proved highly advantageous with plane-grating 
spectrographs, while the slit and the plate-holder are at a convenient 
height above the floor. The apparatus is so constructed that it 
may be operated in a fully lighted room and occupies a minimum 
of floor space for an instrument of this kind. 

The portion of the spectrograph above the laboratory floor 
is shown in Plate VI. The plate-holder moves on a horizontal track, 
50.5 cm above the floor, supported by a frame of channel iron 
placed over a slot in the cover of the pit used for the vertical Littrow 
spectrograph. When the plate-holder carriage is as near the slit 
as possible, the spectrum may be photographed as far as \ 2000 
in the first order. When at the extreme end of the track, \ 7000 
in the second order is reached, the third order being thus covered 
for the range to which ordinary plates are most sensitive. 

The instrument is shown in elevation in Fig. 1. The frame 
carrying the two vertical rails is of angle-iron fastened firmly to 
the concrete wall of the pit. The grating-holder is a cast-iron box, 
with an extension at one side which is bolted to the web of the 
I-beam girder, 10 cm wide, connecting with the plate-holder car- 
riage. This girder extends in a line with the side of the grating 
box for 185 cm, then offsets 6.5 cm inward in order that the web 
may align with the inside of the plate-holder carriage to which the 
upper end of the girder is fastened. Within the grating-holder is 
an iron plate 18.527 cm on which the grating rests, the latter 


* Contributions from Mount Wilson Solar Observatory, No. 84. 


205 


4 


ARTHUR KING 


206 


7 


Fic. 1.—Vertical section of spectrograph. Scale=1: 32 
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being held in place by four brass strips screwed to the plate. At 
each corner of the plate are push-and-pull screws, which serve to 
adjust the inclination. The grating is centered and adjusted for 
orientation by screws passing through the inclosing brass strips, 
their ends resting lightly against the edge of the grating. 

In this mounting, a counterweight for the grating carriage is 
required, and must be of variable weight, since, as the plate-holder 
carriage is moved outward from the slit, the pull exerted in raising 
the grating becomes more nearly normal to the vertical track. 
Steel cables are fastened to each side 
of the grating box (see Fig. 1), pass 
at an angle to small idlers and thence 
over pulleys at E to the counterweight 


below F. The lower portion of the W sin 
system is shown in Fig. 2, W { 
mass of iron forming the constant R 


weight, and below this is suspended 
a cylindrical tank T. From the bot- 
tom of 7, a flexible metal tube passes T 
to a fixed reservoir R, containing a 
quantity of heavy oil and suspended 
below a platform used for the ad- 

justment of the spectrograph. The 

height of this reservoir is so adjusted 
that when the grating is on the lower 
portion of its track, where only the 
weight W is needed, T is so high that all of the oil is in R. When 
the grating rises to the point where a larger counterweight is 
required, the descent of T causes oil to run into it from R, the 
weight increasing in the proportion needed to facilitate the move- 
ment of the grating as it is pulled to the top of its track. 

The slit is at the end of the horizontal track and vertically above 
the grating. A hollow iron casting has at its upper end a brass 
collar which in turn holds the slit-tube and permits the regulation 
of the height of the slit. A key-way prevents turning within the 
collar, the orientation of the slit with respect to the grating rulings 
being adjusted by turning the collar within the iron casting. This 


Fic. 2.—Variable counterweight 
system for grating-holder. 
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movement is controlled by a tangent screw, and the angle, marked 
by a scale and pointer, may be read to 0°05. The slit was made by 
Hilger. Its divided head reads to 0.005 mm and its length is 
adjustable to 18 mm by means of a wedge-shaped opening. As the 
light from a source in the laboratory must in general be reflected to 
the slit, a holder for a mirror or a total reflecting prism is mounted 
as shown in Fig. 1. , 

The plate-holder carriage (Plate VI and Fig. 1) consists of a 
hollow iron casting moving on four grooved wheels. The sloping 
extension toward the slit, usually required in order that light may 
reach all parts of the plate, can be replaced by a vertical iron plate 
(at H, Fig. 1) when a close approach to the slit is desired. The 
opening between the tracks is rendered light-tight by overlapping 
boards and felt curtains attached to the ends of the carriage by 
means of spring rollers. 

The side walls of the carriage are cut away along a circle as 
shown in Fig. 1, and a ledge at each side, 2.5 cm below the edge 
of this opening, supports a rotating section to which the girder is 
attached and on which the plate-holder lies. This is shown in 
section, with side and end elevations, in Fig. 3. The I-beam girder 
connecting the plate-holder with the grating carriage is attached 
to the inside of the rotating section by four bolts in slotted holes, 
and the distance from plate-holder to grating may be altered by 
means of the push-and-pull screws at J. 

The plate-holder is carried on a sliding brass bed above an open- 
ing 4X52 cm in the top of the rotating section of the carriage and 
moved by means of the screw F. Ledges projecting from each side 
of the casting (see section at right of Fig. 3) carry a shutter used 
to limit the width of spectrum admitted to the plate. Hinged 
connections at the ends of the blades of the shutter (that at one 
end being shown in the top plan of Fig. 3) enable them to be brought 
into contact or separated to a distance of 3.3 cm by moving the 
handle B in or out. The whole shutter, with its blades at a fixed 
distance apart, may be moved across the spectrum by means of 
the screw C, so that in addition to regulating the length of spectrum 
lines in ordinary photographs, successive spectra for close compari- 
son of wave-lengths may be taken by moving the shutter as a 
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whole, or a narrow strip of spectrum may be superposed on any 
part of a wide strip. 

A further attachment for photographing parts of a spectrum 
on each side of another spectrum without risk of instrumental shift 
consists in a brass plate which may be placed just above the shutter. 
A slot contains a rectangular brass frame which may be rotated 
through go° about its longitudinal axis, admitting first a strip of 
spectrum in the middle and then one at each side. The rotation 
is accomplished by means of a key inserted at £ through a hole 
in the rotating section of the carriage. If the hole at one end is 
covered owing to the position of the carriage on the track, a similar 
hole at the other end will be exposed. When the key is not in use, 
the hole is closed by a screw plug. 


x 


Fic. 4.—Design of holder for photographic plate. Scale=1: 2 


The plate-holder is of brass and fits into the sliding bed already 
described. A ledge B (see Fig. 4), curved to a radius half that of 
the grating, supports a photographic plate 4.7% 46cm which is 
bent into position by the rectangular brass frame C held down by 
springs attached to the under side of the cover D when the latter 
is clamped in position. In case a celluloid film is used, the ends 
may be inserted under spring clamps at each end of C which hold 
the film stretched while C is put in position. 

Instead of a sheet-metal slide in front of the plate, the move- 
ment of which would be interfered with by the construction of the 
carriage, a strip of opaque black cloth is used, whose edges run 
in deep grooves in the face-plate of the holder (A, Fig. 4). Tapes 
attached to the edges of the cloth connect with spools, EZ, at the 
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ends of the plate-holder. A geared wheel F, attached to a pin 
rotated by hand, permits each spool to be turned rapidly in open- 
ing or closing the plate-holder. 

The mounting retains all of the good features of the regular 
Rowland form. In addition there is a great gain in the excellent 
temperature control given by the pit. The grating and the con- 
necting girder, the two parts most sensitive to temperature changes, 
are protected to an extent difficult of attainment in a laboratory 
room. During the two months following the completion of the 
instrument the temperature at the level of the grating changed but 
1°25 C. Thermometers hung at the upper and lower ends of the 
grating’s run have never shown a difference of more than 0°2 C. 
and often agree within less than o°1. The rigidity of the apparatus 
has been tested several times by furnace exposures lasting three 
hours or more, and by one photograph of the iron arc spectrum 
which was divided over a seven-hour period, extending from 
morning till evening, the exposures being made at the beginning, 
middle, and end of the time. No difference in definition could 
be detected between this divided exposure and short exposures on 
adjacent portions of the plate taken at the beginning and end of 
the test. 

As a minor advantage, this form of mounting requires but little 
floor-space, a narrow space against a wall, or a hallway, being suff- 
cient. As no darkening of the room is required, the operation of the 
instrument need not interfere with other work being carried on in 
the laboratory. 

The reflection of light to the slit from a source under examina- 
tion, while usually convenient, is not always necessary. Thus a 
vacuum tube or an arc or spark used horizontally may be placed 
directly over the slit. When this is not feasible, the observer will 
select the reflecting surface giving the greatest efficiency for the 
region of spectrum under examination. Mirrors of silver and of 
speculum metal and right-angled prisms of glass and of quartz 
have been used thus far. 

The grating used is one of exceptional quality, ruled by Dr. 
J. A. Anderson on the Rowland machine. The ruled surface is 
5.1X10.6cm, with 590 lines to the millimeter. While the light 
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is largely in the first order on one side, the second and third orders 
are sufficiently bright to give good efficiency for the range allowed 
by the spectrograph. 

For aid in planning the instrument, the writer is greatly indebted 
to Mr. Pease, who designed the main structural features, and to 
Mr. Nichols, of the draughting department, who introduced 
numerous devices which have added to the convenience of opera- 
tion. The construction in the machine-shop and the mounting 
in the laboratory have been under the care of Mr. Ayers and Mr. 
Shumway, who have spared no pains to make the parts of the 
spectrograph accurate and easy of operation. 


Mount WILtson SOLAR OBSERVATORY 
January 26, 1914 
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SOME ELECTRIC FURNACE EXPERIMENTS ON THE 
EMISSION OF ENHANCED LINES IN A 
HYDROGEN ATMOSPHERE’ 


By ARTHUR S. KING 


The following experiments have been carried out in order to 
test the hypothesis that the presence of hydrogen may facilitate 
the emission of those lines which are intensified in the spectrum 
of the electric spark. That hydrogen may have such an influence 
was suggested by the experiments of Crew,? confirmed later by 
Hartmann,’ on the arc in a hydrogen atmosphere, which has a 
distinct effect in strengthening the enhanced lines of metals. It 
is known, however, that the arc, with either metallic or carbon 
terminals, is maintained with much more difficulty in hydrogen 
than in air, the same length of arc requiring higher potentials.‘ 
In a later work, Crew’ showed by graphical methods that a higher 
potential gradient was produced by the presence of hydrogen around 
the arc, which thus furnished an approach to the conditions of the 
spark discharge. Although the evidence has thus indicated from 
the first that the action of hydrogen was to alter the discharge 
conditions, occasional reference has been made, the latest being in 
a paper by S. A. Mitchell,* to the possibility that hydrogen in stellar 
atmospheres affects by its presence in some unknown manner the 
emission of enhanced lines by metallic vapors. 

The arc is obviously unsuited to test this question, on account 
of the changes mentioned. The electric furnace, on the other hand, 
seems especially adapted, since the graphite tube, when raised to a 
given temperature, may be expected to perform its functions as an 
exciting source independently, to a large degree, of the surrounding 


* Contributions from Mount Wilson Solar Observatory, No. 85. 
2 Astrophysical Journal, 12, 167, 1900. 

3 [bid., 17, 273, 1903. 

4See C. D. Child, Electric Arcs, p. 83. 

5 Astrophysical Journal, 20, 274, 1904. 

6 Tbid., 38, 407, 1913. 
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gas, leaving the effects of mixed vapors, density, and total pressure 
to produce any effects that may be observed. 

The experiments have included the production of the enhanced 
lines with the furnace in a partial vacuum and in hydrogen at vary- 
ing pressures up to one atmosphere, and the use of greatly differing 
amounts of titanium. Thirty-three spectrograms were made, each 
of the important conditions being tested at least twice and in some 
cases several times. 


EXPERIMENTAL METHOD 


The tubes used in the electric furnace were of specially purified 
graphite, 12.5 mm inside diameter, 19 mm outside diameter, and 
30.5 cm long, and were charged with pulverized titanium carbide. 
The heated portion of the tube was inclosed by a protecting tube 
of graphite of 3.2 cm internal diameter, which prevented a rapid 
loss of heat by the furnace tube. A potential of 25 volts with a 
current of about 1500 amperes brought the tube to a temperature 
close to 2600° C. in one minute, with little change in temperature 
thereafter, even when the hydrogen was at atmospheric pressure. 
A Gaede oil pump reduced the furnace chamber to a pressure of 
less than 1mm. Observations were made for this pressure when 
the residue was air and also when the furnace had previously been 
filled with hydrogen. In both cases, a considerable quantity of 
occluded gas was driven off, and at low pressure the pump was not 
able to remove this fast enough, the pressure gradually rising dur- 
ing the run of the furnace to about 10mm, which is the lowest 
final pressure used in the experiments. Various initial pressures 
of hydrogen up to one atmosphere were used, and, provided the 
pressure desired was as much as 1o mm, it was possible to secure 
constancy by frequently opening the connection with the pump. 
The hydrogen was prepared from zinc and sulphuric acid and passed 
through vessels containing sulphuric acid and caustic potash. 
Before a trial with hydrogen, the furnace was usually flushed three 
times with the gas, and again pumped out, after which hydrogen 
was admitted to the desired pressure. 

The spectra were photographed with the second order of a 
concave grating of 15 ft. (4.5 m) radius, mounted in the vertical 


| 

i 

| 

| 

| 

| 


ENHANCED LINES IN A HYDROGEN ATMOSPHERE 215 


spectrograph.t The region covered was from \ 3900 to A 4700 
and all adjustments of the spectrograph remained the same through- 
out the series. Seed ‘‘23” plates were employed, giving sufficient 
contrast to bring out the faint enhanced lines in spite of the rather 
strong continuous ground given at the high temperature. The 
exposure times ranged from one to two minutes according to 
whether or not the tube and graphite protector were hot from a 
previous run. 

The titanium enhanced lines brought out most distinctly by 
the furnace, were AA 4300.211, 4395.201, 4443.976, 4468.663, 
4501.448, 4534.139. These are the strongest of the enhanced 
lines in this region and their behavior may be taken as typical of 
the group. Several plates were first taken with the furnace 
chamber pumped out, which confirmed the previous observations? 
as to the appearance of the enhanced lines in the high-temperature 
spectrum. The series of photographs with a hydrogen atmosphere 
was then begun with initial pressures at less than 1 mm and at 5 mm, 
the pressure rising during the run as has been noted. These were 
followed by plates for which the pressure was held constant at 
IO, 20, 40, 100, 200, 400 mm, and finally at atmospheric pressure. 
In case several pressures were used successively with the same tube, 
the chamber was pumped out and fresh hydrogen admitted between 
successive exposures. Tests with the same pressures in a different 
order were then made with a new tube. Pyrometer measurements 
were taken regularly and during the latter half of the exposure the 
readings under all conditions indicated a temperature differing not 
more than 50° from 2600° C. 


RESULTS 


1. Effect of hydrogen at various pressures.—No distinct effect 
on the intensity of the enhanced lines resulted from the use of 
hydrogen up to a pressure of toomm. At 200mm, a weakening 
was perceptible, which became quite distinct at 400mm, while 
five photographs in hydrogen at atmospheric pressure showed that 
the limiting pressure had been almost reached for enhanced lines 


* Mt. Wilson Contr., No. 84; Astrophysical Journal, 40, 1914. 
2 Mt. Wilson Contr., No. 76; Astrophysical Journal, 39, 139, 1914. 
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to appear at 2600° C., only faint traces being seen of the two strong- 
est lines in the group. The efficiency of the furnace in emitting 
the arc lines appeared to be practically unchanged by the hydrogen 
atmosphere. The same exposure times were used throughout, and 
the titanium arc lines came out strongly, even increasing in general 
intensity as the pressure of hydrogen rose, an effect due largely 
to a general widening of the arc lines at higher pressures and to 
more numerous reversals. The enhanced lines do not seem to be 
especially sensitive to changes in the amount of hydrogen present 
as long as the pressure is low, but increasing the pressure from 
100mm up to atmospheric pressure exerts a progressive effect 
in suppressing them. 

2. Effect of vapor-density.—The influence on enhanced lines of 
the amount of metallic vapor present has frequently been considered 
in studies of the arc and spark; but in these sources a change in 
density of the vapor results in altering the character of the dis- 
charge. The conditions in the furnace should remain more nearly 
constant with varying amounts of vapor. 

With this point in view, experiments were made with less than 
o.o1gm of powdered titanium and with the regular charge of 
from 1.5 to2gm. The chamber was pumped out and held by the 
pump to a low pressure in each case. 

As nearly as could be judged, the enhanced lines maintained 
the same intensity relatively to the arc lines whether a large or 
small quantity of titanium was used. Certainly there was no 
difference in favor of the smaller amount. The whole spectrum 
was stronger at higher vapor-density, with more continuous spec- 
trum, but, allowing for this, the intensity of the enhanced lines 
appeared to be little influenced by changes in the amount of vapor. 


DISCUSSION 


The experiments indicate that neither the presence of hydrogen 
at low pressure nor the density of the radiating vapor materially 
affects the strength of enhanced lines, but that the total pressure 
is very important. The lines of the arc spectrum are not thus 
affected by the pressure, as they maintain their strength, with 
increasing ease of reversal, up to atmospheric pressure in hydrogen, 
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and experiments’ have shown that a rich spectrum of titanium arc 
lines is given by the furnace with pressures as high as 16 atmos- 
pheres. The evidence thus indicates that if the vapor is raised 
to a sufficiently high temperature in the furnace the arc lines will 
appear, while experiments with the furnace and with the tube arc 
and the ordinary arc at low pressure have shown that the enhanced 
lines are brought out best in a partial vacuum, a condition favorable 
to all of the phenomena of electro-luminescence. 

The probable manner of the production of enhanced lines in 
stellar atmospheres appears much clearer since the discharge of 
electrons from hot bodies has been investigated for the relatively 
low temperatures of the electric furnace, this action having been 
shown by Harker and Kaye? to be strong at atmospheric pressure 
and by the writer’ to persist at much higher pressures. The high 
stellar temperatures, especially when combined with low pressure, 
may thus be expected to duplicate the electronic speeds obtained 
in the arc and spark by steep potential gradients, a condition estab- 
lished by much evidence as favorable to the enhanced lines. 

The relative strength of enhanced lines in the chromosphere 
would thus seem to follow from the rarefied condition at these 
levels of the solar atmosphere, which allows a high speed to be 
retained by the electrons expelled from the heated matter below 
and striking any vapor particles which may be present above. 
The conditions of rarefied vapor and presumably lower temperature 
are unfavorable for the arc lines, which are relatively weak in the 
chromosphere. 

This point of view leaves the strength of enhanced lines as a 
valuable criterion for the temperatures prevailing in stars and in 
different regions of the solar photosphere at the levels where the 
electrified particles are produced. Thus the reduced strength of 
enhanced lines in sun-spot spectra seems valid as evidence of a 
lower temperature for those regions, since such a reduced tempera- 
ture, if the pressure is not materially different, would result in the 
production of lower-speed electrons and in reducing the velocity 


* Mt. Wilson Contr., No. 60; Astrophysical Journal, 35, 183, 1912. 
2 Proceedings of the Royal Society, 86 A, 379, 1912. 
3 Mt. Wilson Contr., No. 73; Astrophysical Journal, 38, 315, 1913. 
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of those drawn in from the surrounding regions. The view involves 
no contradiction to the hypothesis advanced by Mr. Hale’ that 
electrons are drawn in by solar vortices so as to be very numerous 
in sun-spots, as the production of enhanced lines appears to be 
governed by the speed and not by the number of the electrons. 


SUMMARY 


1. The experiments here described have failed to show any 
effect of a hydrogen atmosphere in strengthening enhanced lines. 
They appear in the furnace at low pressures with equal ease 
whether hydrogen is present or whether the furnace contains 
a residue of air. 

2. Widely different amounts of titanium vapor at low pressure 
and the same temperature have shown no material effect on the 
relative intensities of enhanced lines. 

3. Increasing the pressure of hydrogen, the temperature being 
held as nearly constant as possible, causes a progressive weakening 
of the titanium enhanced lines, until at atmospheric pressure only 
traces of the strongest are visible in the furnace spectrum. 


Mount WILson SOLAR OBSERVATORY 
March 21, 1914 


* Mt. Wilson Contr., No. 71; Astrophysical Journal, 38, 27, 1913. 


INTERMEDIATE DEGREES OF DARKENING AT THE 
LIMB OF STELLAR DISKS WITH AN APPLICATION 
TO THE ORBIT OF ALGOL* 


By HARLOW SHAPLEY 


Examples have been given? by the writer of the solution for 
the orbital elements of eclipsing binaries on the hypothesis that the 
stellar disks are darkened to zero at the limb according to the cosine 
law given in a later paragraph. Such a degree of darkening for 
light-emission in the visual part of the spectrum is somewhat in 
excess of that measured on the sun. If we assume an intermediate 
degree of darkening, for instance, one that would make the bright- 
ness at the limb one-third or two-thirds that of the center, it is not 
difficult to derive the orbital elements from a light-curve when 
the orbit has already been computed on the limiting assumptions of 
uniformly luminous and completely darkened disks. In fact, it will 
be shown that the interpolation of ‘‘intermediate”’ solutions will 
be sufficiently precise when uniform and darkened’ elements are 
known. 

The method of treating this problem has been outlined in a 
former paper.‘ In this note the details of numerical solutions are 
omitted and the results only are presented in order to show in what 
manner the various sets of elements differ from each other, and to 
what extent the orbit of a well-observed star is uncertain because 
of our lack of knowledge of the amount of atmospheric absorption 
on stellar surfaces. 

I have undertaken for this investigation a discussion of the orbit 
of Algol, partly because of the intrinsic interest of the system and 
partly because of the high quality of the light-curve by Stebbins.‘ 


* Contributions from Mount Wilson Solar Observatory, No. 86. 

2 Astrophysical Journal, 36, 269, 1912; 37, 154, 1913. 

3 “Darkened” used in this sense means “‘completely darkened,” that is, darkened 
to zero at the limb. 

4 Astrophysical Journal, 36, 401, 1912. 

5 Ibid., 32, 189, 
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A number of more or less extensive memoirs have been written con- 
cerning Algol’s light-curve and photometric orbit, notably those by 
Pickering,’ Harting,? Scheiner,s Pannekoek,* Rédiger,’ and Steb- 
bins. All of the early solutions for orbital elements naturally 
neglected the secondary minimum and the reflection effect, and 
consequently it is not surprising that the photometric orbit derived 
by Stebbins and those presented in this note should be radically 
different from all that precede. The orbit of the system is, 
however, as yet by no means definitely solved, notwithstanding 
the enormous amount of labor—photometric, spectroscopic, and 
computational—that has been devoted to it, and the high accuracy 
with which the light-curve is now known. Stebbins’ solution was 
based on the assumption of uniformly luminous disks and gave as 
one result that the faint companion is larger than its primary. My 
uniform solution, derived by another method, gives, as would be 
expected, elements practically the same as those obtained by 
Stebbins; but making the better assumption that the stars are 
considerably darkened at the limb, the size of the two components 
is reversed, the fainter one becoming the smaller. 

It will be seen in Table I, which contains the elements computed 
for various degrees of darkening, that the primary star increases in 
relative size as we increase the darkening coefficient «, becoming 
just equal to its faint companion for x= 2/3, that is, when the dis- 
tribution of luminosity is similar to that of the sun. The adopted 
law of darkening at the limb referred to above is 


J=J.(1—x+x cos y), 


where J is the apparent brightness of any point on the disk, 
and y is the inclination to the line of sight of the normal to the 
stellar surface. 


* Proceedings of the American Academy of Arts and Sciences, 16, 1, 1880. 

2 Untersuchungen tiber den Lichtwechsel des Sternes B Persei, Munich, 1889. 

3 Untersuchungen tiber den Lichtwechsel Algols, Bonn, 1882; Populdre Astrophysik, 
p. 625, 1908. 

4 Untersuchungen tiber den Lichtwechsel Algols, Leiden, 1902. 

5 Untersuchungen tiber das Doppelsternsystem Algol, Kénigsberg, 1902. 

6 Op. cit. 
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The recent spectroscopic work at the Allegheny Observatory indi- 
cates that the orbit of Algol is sensibly circular.t The value of 
the reflection effect found by Stebbins is adopted for this work, and 
the intensities given by him have been “rectified”? to allow for 
this rarely observed phenomenon so that the light-curve, for the 
purpose of study, is of the normal eclipse form. The loss of light 
due to primary eclipse is 0.643 in the unit of the maximum light of 
the system; the value for the secondary is 0.055. In addition to 
those given in the summary two other solutions might be mentioned. 


TABLE I 


SUMMARY OF SOLUTIONS 


DEGREE OF DARKENING 


ELEMENTS STEBBINS |——— 
Uniform Intermediate 


Darkening coefficient / | 2/3 
Ratio of radius bright star to) 
radius faint star | 0: 1.008 
Fraction of the light of bright | 
star eclipsed at primary | | 6. 0.698 
Radius bright star* | oO. ©. 230 
Radius faint star* 0.2 228 ©. 228 
Inclination of orbit 82°51’ 
Light of bright star 0.922 
Light of faint star (bright side) o. : 0.078 
Relative surface intensity Jp/Jy 11. | 11.6 
Semi-duration of primary) 
eclipse 5 s*2™ 
‘‘Equal-mass”’ density of bright | 
0.068 


“‘Equal-mass” density of faint 


0.070 


* Unit of length is the radius of the relative orbit. 


1. From the peculiar nature of the problem, a central annular 
eclipse on the hypothesis of complete darkening becomes a possi- 
bility and an orbit based on such an assumption was computed. 
The resulting light-curve, however, did not give a sufficiently good 
representation of the observed curve as it now stands, though it 
would not necessitate a very marked change in the observed points 
to make this computed orbit quite satisfactory. 


Science, N.S., 37, 34, 1913- 


= 

I 

1.052 

0.695 

| 0.241 

| 0,229 

82°35’ 

0.926 

0.074 

| 11.4 

| 

0.059 

Star... (0.060) | 0.070 0.070 | 09 
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2. The accurate photometric curve of the principal minimum by 
Miller at Potsdam,’ as worked over by Pannekoek,? was made the 
basis of an independent solution for uniform elements, assuming a 
secondary minimum of o™06. The maximum light-observations are 
not definite, but if considered of much weight would show ellipticity 
rather than reflection. The elements derived from this solution are 3 
R=1.00, a=0.717, M=r=0.23, cosi=0.102, L,=0.925. 


TABLE II 


NORMAL MAGNITUDES NEAR PRINCIPAL MINIMUM AND RESIDUALS FROM 
COMPUTED CURVES 


| MAGNI- | OBSERVED — COMPUTED 
ENCE x=0 x=} x=j x=1 

—5518™....| 0.18 | +0™01 —0.465 | 0.998  o!co  o!00  oloo 
—4 22. | 0.20 — .02 — .388 .o81 + .o1r + .or + .o1 .02 
—3 54 0.28 .00 .349 |— j— .o1 |— 
—2 4! 0.55 .00 |— .243 | .723 |\— .02 |— .02 j— .02 |— 
36 0.88 — |— .150 -545 fore) fore) fore) .00 
—1 08 1.09 |— .103 | .458 ore) .00 .00 .00 
41 . 22 — ,0§ |— .02 .02 .02 |+ .02 
—o . | 2.35 — .02 |— .o12 | .370 |+ .o1 |+ .or |+ .or |+ .o1 
+0 25 1.37 + |+ .038 .364 |— .o1 |— .O1 |— .or |— 
+o 48 — |+ .073 | .436 .02 |+ .02 |+ .02 .03 
+1 13 1.08 + .02 |+ | .462 |— |— .o1 |— .o1 |— 
+I 34 0.97 + .04 + .143 .505 |i— .03 |— .03 |— .03 |— .02 
+2 03 0.69 — .06 |+ .186 .641 |+ .02 [+ .03 + .03 |+ .02 
+2 34 0.64 + .0§ |+ .232 | .669 |-- .04 |— .04 — .04 |— .04 
+2 55 0.42 OT ir | 810 |+ .03 + .04 + .03 |+ .03 
+3 16 0.42 + .0o2 + .2904 .810 |— .02 .02 — .03 |— .03 
+3 50 0.30 | .899 |— .02 |— .02 |— .02 |— .02 
+4 14 0.2 | .955 |— fore) .00 .00 
+4 42 °.19 + + .416 | 0.989 |— .00 
+6 14 0.17 0.00 + 


9.539 1.007 |+0.01 +0.01 +0.01 +0.01 


The normal magnitudes for the principal minimum of Algol are 
given in Table II. The co-ordinates of the mean observed points, 
taken from Stebbins’ paper, have been transformed for convenience 
from time and magnitude difference into sin@ and rectified light- 
intensity, where 6 is the phase angle counted from minimum. The 
sum of the squares of the residuals from my computed uniform 
curve is 0.0066; from Stebbins’ computed curve, reducing the 

* Astronomische Nachrichten, 156, 177, 1901. 

Op. cil., p. 223. 

3 For the meaning of the notation see Astrophysical Journal, 36, 404, 1912. 
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residuals from magnitude to intensity, it is 0.0088. The last four 
columns of the table show that the representation of the observa- 
tions is equally satisfactory for all degrees of darkening—in fact, the 
curves coincide for the greater part of the eclipse. From the 
light-curve alone we cannot hope to distinguish between these 
various sets of elements, and within these limits, at least, the orbit 
is not only entirely indeterminate, but must remain so until the 
question of darkening is answered. 

Referring to the summary of solutions, we see that in this typical 
case satisfactory intermediate solutions can be obtained from the 
uniform and darkened elements by linearly interpolating for the 
radii of the stars, the cosine of the inclination, and the duration of 
the eclipse. The remaining elements are then readily computed 
without the necessity of using the light-curve. 


NOTE ON A THIRD BODY IN THE SYSTEM OF ALGOL 


From the spectroscopic work by Curtiss’ and Schlesinger? there 
seems to be little doubt that there is a third body in the system of 
Algol with a period of 1.9 years. If the distant component has a 
sensible brightness, its light will affect the computation for the 
orbit of the closer eclipsing pair. It may be appropriate to show 
briefly in what manner such a condition may be met, and to what 
extent the unknown quantity of light would alter the orbital ele- 
ments computed above. 

Uniform solution.—We proceed from the following data which 
were obtained from the solution of the rectified light-curve: 


I—Ap=0.643, =0.055, x(k, =1.912, sin? 6’ =0.1793 


(usual notation; see Astrophysical Journal, 36, 404 ff., 1912). The 
difference in brightness of the two sides of the close companion is 
0.045 so that the light at principal minimum, in terms of the greatest 
light of the system just outside the secondary minimum, is actually 
0.312. We may assume any value of a), derive k from the x-func- 
I—A, 


tion, and then LZ, and L, by the equations L,= - 
7 Qo k? ay 


* Astrophysical Journal, 28, 156, 1908. 
? Publications of the Allegheny Observatory, 1, 20, 1908; Science, N.S., 37, 34, 1913. 
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(the bright star is found to be the smaller); the remaining elements 
may then be derived in the usual manner. The difference 1— (L,+ 
L,)=L, will represent for the various assumed values of a, the 
TABLE III 
UNIFORM SOLUTIONS WITH CONSIDERATION OF THE LIGHT OF A THIRD Bopy 


Rapivus DENSITY 
a, INCLINA- 
| Faint Bright Faint Bright 
| 
|0.643 |0.102 10.255 [0.247 |0. 181 84°41 0.055 | 0.14 
ee 7% .677 | .106 217 | .248 183 84 52 .054 14 
.76 .71§ | .106 | .179 . 246 187 84 15 056 13 
ee 83 .804 | .100 096 | .238 198 | 83 27 062 Il 
l0.Q15 0.907 0.093 0.000 |0.228 0.208 | 83 2 0.070 0.09 


light of the distant companion. Ordinarily, when such a contribut- 
ing light-source is not suspected, the adopted values of a, and k 
are those unique values that give 1—(L,4+-L,)=o0. L, is the light 
of the bright side of the close faint companion; that of the side seen 
at principal minimum is L,—o0.045. The light remaining at that 
time is, then, 

=0. 312 


which is a relation that can be used to check the computations. 
We thus derive in Table III various sets of elements, each one being 
the best uniform solution for the corresponding value of the light 
of the third component, L,. If the principal eclipse is assumed 
total, the third body may have as much as one-fourth of the whole 
light of the system, but under no condition more than that amount. 
The last solution is the one that gives L,4+L,=1, and therefore 
yields the same set of elements as given in Table I. 
Darkened solution.—The equations in this case are 


if we assume that the small star is the brighter and is eclipsed at 
principal minimum; but if the larger star is the brighter, we have 
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The derivation of the sets of elements is then similar to the pre- 
ceding case. 
SUMMARY 

1. If the orbits for an eclipsing binary have been computed when 
the darkening coefficient is zero (uniform disks) and when it is 
unity (completely darkened disks), solutions based on intermedi- 
ate degrees of darkening can be obtained by linear interpolation 
for some of the elements (Table I). 

2. The system of 6 Persei has been studied from this standpoint 
with the result that a considerable amount of indeterminateness is 
found to be inherent in the solution. For uniform disks the bright 
star is the smaller, while for completely darkened disks it is slightly 
the larger. Quantitative knowledge of the degree of darkening is 
necessary to remove this uncertainty (Table II). 

3. An outline is given of the method of computing orbits for 
partially eclipsing variables when consideration is made of the pos- 
sibility that a third body contributes a portion of the light, and an 
application is made to Algol to allow for the possible light of the 
distant companion whose period is 1.9 years (Table III). 


Mount WILson SOLAR OBSERVATORY 
June 20, 1914 


ON THE PRESSURE DISPLACEMENT OF SPECTRAL 
LINES AND MOLECULAR CONSTITUTION 


By G. H. LIVENS 


In a previous communication’ an explanation of the pressure- 
shift of the lines in emission spectra was suggested on the basis of 
an explanation of the analogous phenomena in absorption spectra, 
which is already involved in the ordinary theory of absorption as 
given by Lorentz. At that time, however, the theory did not 
appear general enough to cover the whole phenomenon; in par- 
ticular, it failed to give any account of the displacement of the lines 
toward the region of shorter wave-length, which has been occa- 
sionally observed in the more complicated spectra. A more 
thorough investigation of the theory for absorption spectra, how- 
ever, soon convinced me that the apparent discrepancies merely 
involved an oversight occasioned by the method of approximation 
adopted throughout the original memoir. I propose, therefore, to 
rediscuss the equations formerly obtained and then to discuss the 
results deduced from them in their bearing on some fundamental 
questions of molecular constitution. 

According to the most general views now held, the radiation 
from a molecule originates in the rapid oscillations of the electrons 
contained in it, as they adjust themselves to a configuration of 
equilibrium after a violent disturbance produced in a manner that 
is as yet not quite evident. On a tentative theory we could, if the 
displacements are small, regard each electron as vibrating about a 
position of equilibrium to which it is attached by some force of a 
quasi-elastic nature whose amount is proportional to its displace- 
ment. The equations of motion of the typical electron would then 
be of a type 

=F 


where m is its mass, s, its displacement (vectorial), 1, its frequency 
of free oscillation, and F the component of any applied force. 
* Philosophical Magazine, 24, 268, 1912. In this paper a fuil discussion of many 


points slurred over in the present communication is given. 
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Regarding the medium as a whole, however, it is found that the 
molecules in any effective differential element of volume cannot 
radiate energy to external space unless a certain condition holds, 
which in the present case is equivalent to the fact that the vectorial 
sum Sei, 
must be different from zero when taken over all the effective elec- 
trons (each with a charge e) in the differential element of volume. 
=P do 
where P is a vector defining for the element of volume dv what is 
analogous to its polarization in the ordinary theory of absorption. 
We can thus say that the element of a medium must be polarized 
before it can radiate energy; but if it is polarized to intensity P, 
there is a force aeP on any electron inside it, representing an average 
estimate of the actions, on the particular electron under considera- 
tion, of all the other electrons in the element. The constant a in 
the expression of this force is a numerical constant approximately 
equal to 3 in the usual Hertz-Heaviside system of units. Thus in 
the absence of any external force the equation of motion of the 
typical electron in the element is of the form 


=aeP 


And now we see that the electrons in the element, instead of being 
single independent vibrators, really form part of a connected 
dynamical system in which the motion of any one part depends to 
a certain extent on the motions of all the others. The possible 
frequencies of this connected system are obtained in the usual 
manner in such problems; we try a solution of the equations of type 


which satisfies if 
m(n,—n?)s,=aeP 


that is, if 


Pév= es,= (2, 


r n,—n? 


| 


| 
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ae?/m 
[= (1) 


— 


or if 


= now denoting a sum taken per unit volume over all the electrons 
contained in the element dz. 

If the frequency , is the same for all the effective electrons in 
the volume element and if there are .V,dv of them, then the equation 
satisfied by m is 


wherein 


This is satisfied by 7" 

n=1 n*— Py 
which, since p, turns out to be small compared with n,, may be 
approximately written in the form 


If, however, there are other free frequencies than n, present in 
the substance, it appears that there is a value of m, a root of the 
above equation (1), near each distinct value of ,; and it is easily 
seen that the root near , has a very approximate value 


I 
n=n,—3—__. 
1—aA, 
wherein 
e?/m 
A,= 
s r 


the sum = being taken per unit volume over all the electrons other 
than those included in the group N,. 

The displacement of the frequency from the free value n, is thus 
given by 


| 
| 
| | 
| 
n,—n? | 
| | 
| _ | 
. Pr m 
n=n,—}P | 
Ny 
| 
| 
a 
I 
dn,=n—n,= 
2n, 1—aA, 


PRESSURE DISPLACEMENT OF SPECTRAL LINES 229 


or, as it is usually interpreted, in terms of wave-lengths, 


8mc?(1—aA,) 


dx, 


The value previously obtained involved a neglect of the factor 
ar in this expression. 

It thus appears that the frequencies of the light-disturbance 
obtainable from any medium as a whole are in general slightly 
different from the frequencies of the free oscillations of the con- 
tained electrons, owing to modification by mutual interaction among 
these electrons. This slight displacement of the free frequency 
thus necessitated by the statistical treatment of the aggregate of 
the independent vibrating electrons is primarily a function of the 
average partial density of the electrons giving rise to the particular 
line in the spectrum, but may also be considerably affected and 
even reversed in sign by the presence of other electrons with free 
periods near that of the particular group considered. The theory 
thus appears to account for certain irregularities in the phenomena, 
which are observed in complicated spectra, and in particular does 
involve an explanation of the displacement to the region of shorter 
wave-lengths which is occasionally observed in the complex spectra. 
It is perhaps worth noticing that this reversed displacement would 
occur in parts of the spectrum where 


> Ps 


2 2 
s Ns—N, 


is positive and greater than 1/a, which is most likely to occur just 
before one or more prominent lines in the spectrum. This appears 
to be the case with most of the reversed displacements observed in 
the iron spectrum, the only one for which I can obtain information. 
Of course for such lines the displacement would certainly be a more 
complicated function of the density than that which is usually deter- 
mined for the other lines, for which the law of proportionality seems 
to be sufficiently satisfactory. This suggests a possible test as to 
the validity of the present explanation. 

The fact that the displacement of a line is mainly proportional to 
the density of the electrons giving rise to it should furnish valuable 


| 
| 
| 
| 
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evidence as to the relative number of electrons concerned in the 
production of each line. Interesting particular cases have already 
been noticed in this respect. For instance, in the spectra of gold 
and iron there appear to be three distinct groups of lines whose dis- 
placements are approximately as 1:2:4;' this would indicate that 
the partial densities of the electrons directly responsible for the lines 
in a group are the same, but for lines in different groups they are 
in the ratio 1:2:4. This of course suggests that each group is the 
result of a more complex oscillation of the single electron or of a 
small group of electrons, a view that is supported by the fact that 
the order of magnitude of the Zeeman effect is the same for almost 
all the lines in a group in the iron spectrum. Have we here a more 
complex type of series ? 

A similar and perhaps startling conclusion is provided by the 
fact that when more than one series occurs in the spectrum of a 
substance the displacements of the lines of the principal series are 
always the smallest, the displacements of the corresponding lines 
of the first subordinate series are usually twice as great as for the 
principal lines, and those of the corresponding lines in the second 
subordinate series are four times as great. 

Again, the fact that the displacement of the lines of a given 
series in a spectrum are almost invariably proportional to the cubes 
of their wave-lengths provides important evidence as to the origin 
of series lines. In fact, a tentative application of the theoretical 
formula given above would indicate that the density of the electrons 
giving rise to each line in a series must be the same. Such a con- 
clusion would support the view that the series lines arise as the 
result of a more complex vibration of the single electrons or small 
group of electrons rather than as the result of simple vibrations of 
a large number of independent electrons. It would also exclude on 
general grounds any theory which ascribes the different lines of the 
series to different possible states of a simple vibrating system unless 

* Gale and Adams (Astrophysical Journal, 37, 391, 1912) have shown that this 
ratio, which was originally given by Duffield, is not exactly expressed by integers and 
they suggest 1:2-3:4-5. The present theory of course would support such a view, 
but I do not think that it affects the deduction made from the results and I have 


therefore preferred to use the figures as Duffield gives them, as an illustration of the 
principle involved. 
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it can be shown that all possible states of such a system are equally 
probable. 

Of course the direct application of the foregoing formulae in 
cases involving more complex types of oscillation than those 
examined above is open to question. It can, however, easily be 
verified that the results deduced are still true and the conclusion 
stated is valid if certain groups (or series) of lines arise as the result 
of a complex oscillation of a connected group of electrons. The 
exact analysis for this verification will be fully discussed in another 
connection in a future communication. 

It would thus appear that the evidence of fact in the phenomena 
of the pressure-shift of spectral lines furnishes very valuable clues 
in the more fundamental problem as to the exact origin of the series 
regularities. This of course naturally arises from the fact that in 
such a phenomenon we have a means of varying at will the fre- 
quencies of the vibrations in the electronic system in the atom. 
Kayser’s advice that particular attention should be paid to this 
branch of experimental work is therefore worthy of special emphasis. 

It may of course be objected that probably too great weight is 
attached to the accuracy of the deductions made from the experi- 
mental results which are obtained under great difficulties. In reply, 
however, it may be said that in the majority of cases where certain 
results are obtained the correct theoretical relation given above 
showing the dependence of the displacement on the density and 
wave-length is deduced empirically, and often in direct contradic- 
tion to theoretical laws of other types offered in explanation. 
Besides, the discrepancies which often present themselves are more 
apparent than real, being usually based on erroneous methods of 
computation.' 

THe UNIVERSITY 


SHEFFIELD 
March 1914 


* An example is provided by Gale and Adams’ work on titanium. The various 
lines in this spectrum, being too numerous to separate out, were averaged up together 
to obtain the relation between displacement and wave-length. Such a method of 
averaging is of course likely to lead to erroneous results unless it can be shown that 
all the lines belong to a single group, i.e., are due to the same average density of 
electrons. 
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THE WIDENING OF THE HYDROGEN LINES IN 
THE SPARK SPECTRUM 
By R. ROSSI 


The present note deals with experiments which have been 
carried out by passing sparks through hydrogen at atmospheric 
pressure under various conditions of electric circuit (capacity, self- 
induction, length of spark gap, etc.), with a view to getting some 
quantitative data on the influence of the electrical factors on the 
width of the spectrum lines. 

It was found that the width decreased exponentially with 
increase of self-inductance, and increased, at first linearly, with 
increase of capacity until a limit was reached when further increase 
of capacity did not affect it appreciably. 

No definite relation, however, could be obtained linking width 
with the above electrical conditions, and some other factor was 


looked for. 


The fact established by Milner’ that current-density in a spark 
increases with increase of capacity until a limit is reached when the 
current-density is no longer affected by capacity seemed somewhat 
similar to the widening of the hydrogen lines with increased ca- 
pacity; and experiments were consequently undertaken to see if 
current-density is not an important factor in the widening of the 


hydrogen lines. 

The electrical part of the apparatus consisted of an induction 
coil, through the primary of which the same current was kept flow- 
ing in all experiments, various plate condensers and self-inductances 
consisting of iron wire wound round wooden cylinders. The spark 
was passed in hydrogen at atmospheric pressure between two iron 
electrodes, the distance between which could be altered. An image 
of the spark was thrown on the slit of a reflecting half-prism stellar 
spectroscope, the dispersion on the plate being 14 mm from H, to H,, 
a small dispersion being favorable to measurements of widths of 
hazy lines. The slit-width was 0.036 mm, its image on the plate 


tS. R. Milner, Philosophical Magazine (6), 24, 709, 1912. 
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being about one-half that value owing to the different focal lengths 
of the collimating and camera lens. 

Under the influence of capacity the lines are of a hazy character, 
with wings slowly shading away, and their width was roughly 
measured by setting the microscope wires in the middle of the 
shadings. The plates used were Wratten and Wainwright Pan- 
chromatic, and several sets of photographs were taken under 
various electrical conditions, care being taken to expose all the 
plates for the same time and develop the plates of one set all 
together, thus avoiding as far as possible photographic irregularities 
in development. 

The current-density in the spark was measured by using Milner’s 
method :' the cross-section of the core of the spark under the various 
electrical conditions was obtained from direct photographs of the 
spark; the average current in each case was assumed to be the ratio 
of the charge of the condensers to one-half period of oscillation of 
the system. 

The following table gives the values of the widths of H., Hg, H, 
in angstroms for the various current-densities: 


CURRENT-DENSITY or Lines 


Hg 


14. 
14. 
£8. 
16. 
22. 
26. 
30. 


COW 


These values are plotted in the accompanying diagram from which 
it is seen that within the limits of experimental error (which, owing 
to the difficulty of both measurements, is probably over 10 per 
cent) the width increases linearly with current-density. 

Owing to the different type of broadening exhibited by each 
individual line, which prevents their being measured in the same 


t Loc. cit. 


amps. H 
a Hy 
36 


Width in angstroms 


5° 


40 


3° 


20 
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way, the widths of the three lines studied are not comparable to 
one another. With the dispersion used H, remains always fairly 
sharp and the reading microscope wires were set on its fairly well- 
defined edges. Hg is a broad band, slowly fading off at the edges, 
and the wires were set on what appeared to be the middle of the 
shadings. H., has a well-defined intense narrow core and some very 
extensive wings extending far out and diminishing in intensity. 
Only the width of this core could be measured in the present case 


| 
| 


| | Ha 
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H, 
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and it is seen that it is less affected than the width of the other lines, 
but it was noticed that the winged portions of the line were far more 
widened than the less refrangible lines. There is no doubt that if 
we compare the different widened lines, without taking into account 
the nature of their structure, the more refrangible lines are the most 
widened by current-density. H;, although visible on nearly all the 
plates, was so wide, even with the small dispersion employed, that 
any attempt to get a definite value of its width would have been 
useless. 
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WIDENING OF HYDROGEN LINES IN SPARK SPECTRUM — 235 


The widening of the hydrogen lines in the spark has been ascribed 
to various causes, such as potential gradient, intensity of spark dis- 
charge, but especially temperature. From the evidence afforded 
by the present work it would seem that current-density is a very 
important, if not the only, factor in the phenomenon. This would 
bring the cause of electrical widening of the hydrogen lines under 
the same heading as that of the widening due to pressure,’ viz., 
both are due to the proximity of molecules vibrating with the same 
period. It is interesting to note to this effect that a single theory 
accounting for the widening due to both these causes has been 
sketched out by Sir J. J. Thomson,’ who attributed the widening 
to the density of the vibrators. 

My best thanks are due to Professor Newall for the interest he 
has taken in this research and for his constant and valuable advice. 

SOLAR Puysics OBSERVATORY 


CAMBRIDGE UNIVERSITY 
May 1914 


* Philosophical Magazine, 21, 499, 1911. 
2 Proceedings of the Cambridge Philosophical Society, 13, 318, 1906. 


MINOR CONTRIBUTIONS AND NOTES 


THE EFFECT OF HUMIDITY ON THE SENSITIVENESS 
OF PHOTOGRAPHIC PLATES 

On p. 310, Vol. 39, of the Astrophysical Journal, Mr. Seares 
refers to the phenomenon noted by Pickering, that when several 
exposures are impressed on the same plate, the first and last being 
short and equal, the images of the first are often systematically 
brighter than those of the last, the differences amounting on the 
average to a quarter of a magnitude. 

As it seemed probable that this effect was due to a change in 
humidity, we have made experiments to determine the effect of 
varied humidity on the sensitiveness and development factor of 
Seed 23 and Seed 30 plates. 

The plates were brought to the requisite humidity by being 
kept in an atmosphere contained in a box where the humidity could 
be accurately controlled, and we found that when we used a range 
of humidity from 0.5 per cent to 85 per cent both sensitiveness and 
development factor decreased about 25 per cent when the humidity 
was increased from 0.5 per cent to 85 per cent, time being given in 
all cases for the emulsion film to come into equilibrium with the air. 

The effect referred to by Mr. Seares, therefore, is probably due 
to a dry plate slowly gaining humidity during exposure in the 
telescope, with an accompanying loss of density for equivalent 
exposures. 

This same phenomenon probably explains some of the observa- 
tions which have been published as to variations of the sensi- 
tiveness of photographic plates due to changes of temperature, the 
effect being due not so much to the change of temperature as to an 
accompanying change of humidity. It would be desirable for all 
photographic materials used for photometric work to be brought 
previously into equilibrium with the atmosphere in which they are 


to be used. 
C. E. KENNETH MEES 
RESEARCH LABORATORY 
EASTMAN KopAK COMPANY 
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REVIEWS 


Lehrbuch der Physik. By O. D. CuHwotson. Vierter Band, 
zweite Haelfte, erste Abteilung. Braunschweig: Vieweg & 
Son, 1913. Pp. 446. Translated by H. Priaum and A. B. 
FOEHRINGER. 


The fourth volume of Chwolson’s well known Lehrbuch, containing 
the first chapters on Electricity and Magnetism, appeared five years ago, 
and many admirers of this masterly treatise have been hoping for an 
early publication of the remaining volume. The long delay and the fact 
that there appears now only a portion of it is easily explained by the 
untimely death, in the fall of 1912, of Professor Pflaum who had trans- 
lated most of the earlier volumes. He completed only about one-half 
of the volume; the remaining chapters of the work are written by Miss 
Foehringer. The translation is excellent; the style is clear, and betrays 
nowhere that it is a translation. 

For the first time we find that Chwolson no longer appears as the 
sole author of the work. While we are somewhat disappointed that he 
has felt the necessity of accepting the assistance of his friends in the com- 
pletion of what he himself has called his life-work, his colleagues have 
carefully adapted themselves to his method of treatment and have thus 
avoided a criticism which can justly be made against some many- 
authored texts. 

At the beginning of the fourth volume the author divided the subject 
of electricity into five large divisions: the constant electric field, the 
constant magnetic field, the variable magnetic field, the discharge of 
electricity through gases, and radioactivity. Only the first division and 
a portion of the second are contained in the volume of 1908; in the 
present continuation we find the concluding chapters of the second 
division and apparently the whole of the third. The first two hundred 
pages are devoted to the principles of measurement of electrical resist- 
ance, current, electromotive force, and of the intensity of the earth’s 
magnetic field. While no claim is made that the subject is treated 
exhaustively, the reviewer has found all the fundamental methods fully 
and clearly described. There is no rubbish of time-honored experiments 
which are now out of date or of instruments which have been relegated 
to the museums. 

The chapter on “Variable Magnetic Fields’ contains the usual 
material, i.e., electromagnetic induction, measurement of inductances, 
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and an elementary treatment of alternating current phenomena. It 
should be mentioned with unqualified approval that two introductory 
chapters are devoted to the fundamental notions and laws of vector 
analysis of which constant use is made in the remaining portions of the 
book. In comparison with other subjects this chapter appears to have 
been unduly condensed. 

Since the final portion of the work is still to appear the reviewer does 
not know if there will be a chapter on the applications of electricity, yet 
it seems there will be none. It is a matter of personal opinion how much 
of applied physics should be contained in a textbook of this kind; but 
certainly the principles underlying the telephone, telegraph, or the simple 
dynamo might well be included. 

The greatest difficulty in the teaching of electricity lies in the existing 
chaos of theories attempting to explain electromagnetic phenomena. 
There is the action-at-a-distance theory with its life of nine cats, Max- 
well’s theory, several types of the electron theory, and finally, for good 
measure, the principle of relativity. If a textbook writer should arbi- 
trarily choose among them in favor of a single one he may find any day that 
there has been an important change in our attitude and his book is out of 
date. Chwolson is perfectly aware of this difficulty, and therefore follows 
the plan of first presenting the experimental material and the theoretical 
deductions which are based exclusively upon experimentally tested laws. 
It is true that at the beginning he gives a short account of the principal 
theories which he uses, each in its place, but again and again he points 
out the hypothetical character of the theories as he proceeds with the 
description of the various electrical phenomena. In the book here 
reviewed, he completes the presentation of the fundamental concepts 
and laws, and then, in the second half of the book, gives a more detailed 
account of modern theories. Thus in the third chapter of the “ Variable 
Magnetic Fields” an admirable elementary account of Maxwell’s theory 
is given, and in the fourth chapter one of the electron theory. The book 
closes with an exposition of the principle of relativity which appears to 
have the great merit of having been written without partiality. 

As in the earlier volumes full lists of references to original papers are 
given at the end of each chapter. It is hardly necessary to speak of the 
great value to physicists of a work of this kind. It fills the gap between 
the more elementary and somewhat antiquated works of Wiillner, etc., 
and more advanced mathematical treatises. It is being translated into 
French as well as into German. How long must we wait for a similar 
work written in the English language ? 


K. E. GuTHe 
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The Constitution of Matter. By JosepH F. Ames. Boston: Hough- 
ton Mifflin Co., 1913. Pp. 242. 

These are the six public lectures which Professor Ames gave at Evans- 
ton in the spring of 1913 before an audience composed of three different 
types of hearers, namely, the student, the instructor, and the man on 
the street. How excellently the speaker adapted himself to the hetero- 
geneity of the company was attested by the enthusiasm of the listeners. 

Nothing could be more obvious than the fact that any modern 
view of the structure of matter must deal largely with the electron 
theory. Accordingly, the author employs the first lecture to lead up, 
through the experimental facts of inertia, momentum, force, and energy, 
to the concepts of molecules and atoms, and to the experimental evidence 
for the existence of electrons—or corpuscles, as he calls them, pre- 
ferring to adhere throughout the volume to the name originally assigned 
by Sir Joseph Thomson. This exposition of the Newtonian idea of 
mass is one of the clearest and best with which your reviewer is familiar. 

The second lecture leads up to the metrical properties of the electron, 
the preliminary discussion being devoted to the phenomena of elec- 
trification, electric currents, and to two alternative views of electric 
mass. The experiments which yield values for the electronic charge, for 
Avagadro’s number, for the radius of “sphere of action,’ and for other 
fundamental quantities are set forth with masterly clearness. 

With the exception of the first ten pages, which are given to an 
introductory sketch of radioactivity, the entire third lecture is devoted 
to an exposition of the more important phenomena of gravitation and 
to various attempts at the explanation of weight. Here will be found 
the interesting experiments of Southerns with a pendulum carrying a 
bob of radioactive material, a device suggested by the association of 
mass with potential energy. 

The mechanism of radiation in terms of electronic acceleration 
occupies a large portion of the fourth lecture; the remainder is given 
to chemical affinity, electrolysis of gases, and to another general property 
of matter, elasticity. 

How beautifully thermal and electrical conduction fall into line on 
the electron theory of matter is forcibly presented in the fifth lecture. 
The elementary and preliminary presentation of the facts concerning 
the absolute scale of temperatures will be of value to all students. 
The new science of ‘“‘thermionics,” photo-electric action, opacity of 
metals, and magnetism are included, apparently with equal ease and 
naturalness, in this unitary corpuscular view of nature. 
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The purpose of the last lecture is to show how thoroughly the 
phenomena described in the five preceding lectures can be resumed 
in terms of the atomic structure proposed by Thomson, a model which 
really appears to become more and more efficient as time goes on, and 
as modifications are introduced here and there. Witness Thomson’s 
latest change, made for the purpose of adapting his atom to the quantum 
hypothesis (Phil. Mag., October 1913). The closing pages present a 
well balanced, modern, fair, and critical picture of the methods of physi- 
cal science touching only briefly the guantum theory of radiation and 
the question of relativity. 

To those who know Professor Ames it is needless to say that the 
volume is not made with scissors and paste; or that the English is 
marked with that clarity and precision for which he is justly celebrated. 
To anyone in search of a brief, elementary, and reliable sketch of modern 
physics in which the drawing is good and the perspective correct this 


volume is highly recommended. 
HENRY CREW 
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